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PREFACE 

TO  THE  THIRD  EDITION. 


A New  Edition,  of  my  Course  of  Qualitative  Chemical  Analysis 
having  become  necessary,  within  less  than  two  years  from  the 
appearance  of  the  last  Edition,  I have  again  been  guided  in 
making  alterations  and  additions  by  the  experience  I have 
gained  of  the  working  of  the  book  with  large  Laboratory  Classes. 
The  rapid  progress  made  by  students  who  are  not  afraid  of 
grappling  with  difficulties,  and  the  sound  and  thorough  analy- 
tical knowledge  which  they  are  able  to  acquire,  in  a much  shorter- 
time  than  formerly,  have  proved  to  me,  that  I have  not  over- 
taxed their  powers.  Nor  have  I done  anything  to  encourage  a 
belief  that  a knowledge  of  Chemical  Analysis  can  be  acquired  by 
merely  practising  mechanically  a few  tests,  without  going  more 
fully  into  the  subject.  Analysis  forms,  in  my  opinion,  the  key  to 
a sound  chemical  knowledge.  It  calls  forth  more  preeminently 
than  any  other  study,  the  powers  of  observation  and  generali- 
sation. Habits  of  combination  and  close  mental  reasoning 
have  to  be  cultivated  in  no  mean  degree.  Being  based  upon 
facts,  the  verification  of  whiph  experiment  places  within  the 
reach  of  every  one,  any  conclusion  drawn  from  actual  observa- 
tion 'can  be  speedily  put  to  a practical  test.  As  a means  of 
mental  training  Chemical  Analysis,  if  properly  practised,  cannot 
fail  to  take  a foremost  place  in  General  Education. 

The  methods  employed  in  the  present  Work  have  stood  the 
test  of  many  years’  practice.  They  are,  I believe,  well  suited 
to  promote  accurate  and  expeditious  work.  A student  who 
applies  himself  steadfastly  to  the  study  of  Analysis,  usually 
gets  through  the  Course  in  about  six  months,  and  has  time  left 
to  gain  some  practice,  also,  in  quantitative  Analysis  during  his 
first  year’s  study.  The  foundation  for  this  latter  branch  of 
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Chemistry  having  been  laid  by  the  Qualitative  Course,  he  has 
usually  only  to  acquire  the  necessary  manipulatory  skill  to 
conduct  quantitative  operations  successfully. 

I still  adhere  to  the  opinion  expressed  in  the  Preface  to  the 
Second  Edition,  viz.,  that  the  usual  systematic  course  of  quali- 
tative analysis  should  not  he  unnecessarily  complicated  by 
taking  cognisance  of  the  reactions  of  the  Barer  Metals.  I have 
therefore  treated  them,  somewhat  more  fully  than  is  usually  done, 
in  an  Appendix,  retaining  as  much  as  possible  the  individuality 
of  the  metals,  and  the  classification  which  nature  itself  has 
traced  out  for  them.  I trust  that  the  additions  which  I have 
made  will  not  impair  the  favourable  opinion  or  damp  the  warm 
reception  which  the  Book  has  hitherto  enjoyed. 

The  analytical  Tables  .are  now  published  also  in  a ’separate 
and  less  destructible  form,  printed  on  Messrs.  De  la  Bue’s  parch- 
ment paper. 

Chemical  Laboratories, 

Science  Schools, 

South  Kensington, 

November,  ]874. 
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Chapter  I. 

DEFINITION  OF  QUALITATIVE  ANALYSIS.  — RE- 
AGENTS. — CHEMICAL  OPERATIONS.  — GROUP- 
REAGENTS  AND  SPECIAL  REAGENTS. 


Chemical  analysis  consists  in  the  performance  of  certain  experi- 
ments : — with  the  object  of  putting,  so  to  speak,  certain  questions 
t°  a substance,  in  order  to  ascertain  the  presence  or  absence  of 
certain  bodies.  It  is  termed  qualitative  analysis,  if  the  answer  which 
is  received  reveals  merely  what  hind  of  matter  is  present  (from 
qualis),  without  regard  to  quantity.  It  is  essential  that  these 
questions  should  not  be  put  at  random,  but  according  to  a well- 
considered  systematic  order ; and  that  the  answers  should  be  inter- 
preted correctly. 

There  exists  a resemblance  between  certain  elementary  as  well 
as  certain  compound  bodies  ; at  the  same  time  the  metallic,  like  the 
non-metallic  elements,  bear  the  stamp  of  a marked  individuality 
which  renders  every  classification,  from  whatever  point  of  view  we 
attempt  it,  more  or  less  difficult — a difficulty  which  extends  likewise 
■ to  the  various  compounds  which  the  elements  form.  Thus  silver 
which  is  classified  with  the  monad  metals  potassium  and  sodium’ 
differs  in  a marked  manner  from  the  alkali  metals.  Iron  which 
exists  in  the  dyad  form  in  FeCl2  (ferrous  chloride),  and  ’in  the 

tetrad  condition  in  j (ferric  chloride),  partakes  in  the  dyad 

form  of  the  character  of  the  isomorphous  diatomic  metals  of  the 
magnesium  group,  e.g.,  manganese  and  zinc,  and  resembles  in  the 
tetiad  form  aluminium  and  chromium.  Copper,  which  in  its  cupric 
compounds  offers  certain  points  of  resemblance  to  the  magnesium 
group,  resembles  also  m many  respects  the  metals  of  the  mercury 
group  ; the  general  composition  of  the  cuprous  and  mercurous  and 
the  cupric  and  mercuric  oxides  and  chlorides  being  the  same 

pari ’gtheCimnrTss  ?A?rga°ic)  bodies  bear,  for  the  most 

I > repress  of  the  elementary  bodies  which  enter  into  their 
composition;  and  compounds  built  up  of  elements  which  have  equal 
lumbers  of  bonds,  frequently  show  a certain  analogy  in  their  stiuc 
ture  as  well  as  a considerable  similarity  in  theif  reactions  In 
* IT.  Wurtz,  Lejons  de  Philosophic  cliimique,  p.  170. 
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2 REAGENTS.  CHEMICAL  OPERATIONS. 

studying  tlie  chemical  changes  to  which  the  various  hodies-elemen- 
taryor  compound— can  be  submitted,  our  attention  must  he  mainly 
directed  towards  discovering  and  defining  this  similarity  and  dis- 

We  employ  reagents  as  the  means  of  producing  chemical  changes. 

Bv  reagents  are  meant  bodies-eitlier  elementary  or  compound- 
which  are  capable  of  reacting  upon  and  revealing  to  ns ^the  natme  of 
the  substances  under  examination.  They  are  usually  divided  with 
out  any  strict  line  of  demarcation,  into  two  classes,  viz.,  general  and 
special  reagents.  G eneral  reagents  are  those  which  separate  a numbei 

of  substances groups'  in  fact— at  one  operation  ; and  special  reagents 

those  which  are  used  to  a limited  extent  only,  and  for  the  detection 

0f1fTtboTatofynthe  general  reagents  are  most  conveniently 
arranged  over  the  working  table  within  reach  of  each  operator ; 
wlTst  the  special  reagents  intended  for  the  use  of  a number  of 
chemical  students,  are  usually  placed  in  a freely  accessible  part  of 

l^oTreagents,  as  well  as  directions  for  their  preparation 
•ii  i r i • Armendix  Chemical  students  who  have  not 

will  be  found  P?  . ' well-appointed  laboratory,  should 

to  the  preparation  of  the  reagent, 

Chemical  Operations. — We  add  a 
reagent  to  a solution  of  an  unknown 
body  either  by  pouring  it  directly  from  tlie 
bottle  or  by  running  it  from  a pipette,  as 
shown  in  Eig.  1,  with  the  view  of  producing 
a precipitate,  i.e.,  of  converting  the  body 
from  tlie  soluble  to  the  insoluble  state.  I be 
reaction  which  takes  place  is  mostly  a change 
by  double  decomposition.  Sometimes  a pre- 
cipitation is  produced  by  voltaic  action, 
sometimes  merely  by  the  substitution  of 
one  solvent  for  another.  One  or  more 
bodies  may  be  precipitated  by  one  and  the 
same  reagent.  As  most  precipitates  are 
heavier  than  the  liquid  in  which  they  are 
suspended,  they  fall  to  the  bottom  with 
more  or  less  rapidity  ; and  the  supernatant 
liquid  may  often  be  poured  oIT  or  clccantcrt, 
without  much  disturbing  the  precipitate. 
This  mode  of  separating  fluids  from  preci- 
pitates is  by  far  the  most  expeditious,  and 
should  be  resorted  to  whenever  it  is  appli- 
cable. The  precipitate  may  bo  washed  in 
the  vessel  itBclf  by  treatment  with  hot  water 
and  repeated  decantation. 

When  a large  quantity  of  a fluid  has  to 
be  removed  from  a precipitate,  it  is  best 
to  siphon  off  the  supernatant  fluid,  live 
precipitate  may  be  washed  with  water,  and 
the  wash-water  siphoned  off  repeatedly. 

Small  quantities  of  a preoipitato  which 
do  not  subside  readily  are  more  quickly 
separated  by  filtration.  For  tins  purpose 
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funnels  are  used,  mostly  of  glass,  conical  in  shape,  and  inclined  at  an  angle  of  60°. 
They  may  be  conveniently  supported  on  a wooden  stand,  Eig.  2,  or  an  iron  or  brass 
filtering  stand  as  seen  in  Eig.  3.  The  filtering  paper  should  be  porous  and 
unsized,  and  cut  m the  form  of  a round  sheet,  which  by  being  folded  twice  in 
!-no  n'P  of  a quadrant,  forms,  on  opening  up,  a paper  cone,  at  an  angle  of 

. llie  filter  should  exactly  fit  the  funnel,  without  reaching  quite  to  the 
nm,  and  should  be  moistened  in  the  funnel  with  distilled  water  before  any 
liquid  is  poured  through  it.  As  most  kinds  of  filtering  paper  contain  traces  of 
iron,  lime,  silica,  etc.,— with  the  exception  of  the  so-called  Swedish  filtering 
paper,  which  contains  scarcely  perceptible  traces  of  mineral  substances,— acid 
liquids  frequently  dissolve  out  traces  of  these  bodies.  In  all  accurate  analyses  the 
filtering  paper  should,  on  tins  account,  be  washed  first  with  dilute  hydrochloric 
or  nitric  acid,  and  then  with  hot  water,  before  being  used;  or  else  Swedish  filler 
paper  only  should  be  employed. 

Most  precipitates  retain  with  great  pertinacity  traces  of  the  fluid  in  which 
they  were  suspended,  and  it  is  therefore  of  the  utmost  importance  to  thoroughly 
wash  them  m order  to  obtain  accurate  6 J 

results.  Eor  this  purpose  a wasli-bottle 
(hig.  3)  is  employed,  whereby  a fine  jet 
of  hot  or  cold  distilled  water  can  be  di- 
rected on  to  the  filter  in  such  a manner  as 
to  loosen  and  detach  the  precipitate  from 
the  paper.  The  liquid  should  at  no  time 
quite  fill  the  filter,  as  some  precipitates 
have  a tendency  to  creep  up  and  to  get 
between  the  paper  and  the  glass,  and  are 
carried  into  the  filtrate.  This  would 
entail  repeated  filtration.  The  washing 
of  a precipitate  on  the  filter  is  efl'ected 
most  rapidly  by  allowing  the  wash- water 
to  run  oil  entirely  each  time  before  adding 
fresh  quantities  of  distilled  water.  By  re- 
peating this  four  or  five  times,  most  pre- 
cipitates will  be  found  sufficiently  washed 
for  qualitative  purposes. 

subAaLefcwWfilh°UldngU!rd  himSelf  aSainst  usillg  ,0°  large  a quantity  of  the 
an  o rerati on^which  T ^ ? ,examine-  Heavy  precipitates  entail  much  washing, 
i 1 8 most  tedl0us  and  yet  indispensable.  h 

live  analvsL  e!  th®  Purpose  of  precipitation  and  separation  in  qualita- 

ve  analysis,  especially  as  there  is  generally  no  need  for  collecting  the  wash- water 
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brush,  and  rinsedout  with  distilled  water,  they  should  be  set  aside  to  dram  i 

tion  and  ignition.  They  can  * heated  ^ (Fi  g 6), 

or  where  coal-gas  can  be  procured,  by  means  of  a 
Bunsen  gas  lamp,  provided  with  a rose  top. 
Sometimes  a sheet  of  iron  wire  gauze  or  a sand- 
bath  is  interposed  between  the  porcelain  vessel  and 
the  gas  flame,  and  is  supported  on  a retort  ring, 
or  tripod  stand.  Illustrations  of  convenient  tripod 
supports  for  porcelain  and  glass  vessels,  which 
prevent  at  the  samo  time  the  flame  from  being 
blown  about,  have  boon  given  m my  Introduction 

t0  Wtt'l*.  to  bo  examined,  they 
should  always  be  powdered  m a mortal  an 
agate  mortar  should  bo  employed  for  haid  sub 
stances,  such  as  minerals— before  being  dissolved 

‘■"Ctf  fixing  the  r of  valuable  - 
agents— such  as  salts  of  gold,  platinum,  silve 
should  bo  performed  on  watch-glasses,  witl 

small  Quantities  of  the  substance  only. 

Por  the  ignition  of  precipitates  we  employ 
mostly  porcelain  crucibles,  or  small  porcelain 

dishes. 

A knowledge  of  qualitative  analysis 
enables  us — 

1 To  recoqnise  with  speed  and  certainty 
the  presence  of  various  elementary 
and  compound  bodies. 

2.  To  effect  their  separation  from  eacli 

other. 

In  order  to  accomplish  this  we  shall 
study  more  particularly  those  chemical  re- 
actions— both  in  the  dry  and  m the  wet 
, • 1 . u.,j.  ohail  endeavour,  at  the  same  tune, 
way — which  are  essentia  , other  chemical  changes 

SS  “4  ^ this 

;onndltowe\Sftowevermtreat  of  the  rarer  elements  and  them 
“regents 

Xmlntlutn.  “such" general  reagents  are  then  called  grouS- 
reagents. 
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Dissolve  in  water  small  quantities  of 

Argentic  nitrate* 

Cupric  nitrate. 

Cobaltic  „ 

Baric  ,, 

Potassic  „ 

To  the  solution  add — 

HOI,  a white  curdy  precipitate  is  obtained,  which  consists  of  argentic 
chloride,  AgCl ; filter.  To  the  filtrate  add — 

SHo,  a black  precipitate  is  obtained  consisting  of  cupric  sulphide,  CuS  ; 
filter  again,  and  to  the  filtrate  add — 

AmCl,  ') 

AmHo,  I A Hack  precipitate  comes  down  consisting  of  cobaltous  sulphide, 
and  j CoS  ; filter,  and  to  the  filtrate  add — 

SAm2.  J 

COAmoa,  a white  precipitate  is  obtained,  consisting  of  baric  carbonate, 
COBao"  ; filter,  evaporate  the  filtrate  and  ignite  to  drive  off  the  ammonic  salts! 
A white  saline  residue  is  left,  containing  the  potassic  salt. 

What  were  the  chemical  changes  that  took  place  ? 

The  changes  were  evidently  produced  by  the  mutual  exchange  of 
elements  in  two  bodies  (changes  by  double  decomposition ) : i.e.,  the 
hydrochloric  acid  added  in  Group  I to  the  solution  of  the  metallic 
nitrates,  exchanged  its  hydrogen  for  the  silver  of  the  argentic  nitrate; 
and  the  sulphuretted  hydrogen  exchanged  its  hydrogen  for  the  metal 
copper,  leaving  nitric  acid  and  cupric  sulphide,  etc. 

The  reactions  will  be  readily  expressed  by  equations,  thus : — 


NO^Ago 

Argentic 

nitrate. 

+ 

HC1 

= AgCl  + 

Argentic 
chloride. 

N02Ho. 

KCW 
N02  uo 

+ 

sh2 

= CuSf  + 

2N02Ho. 

Cupric 

nitrate. 

Cupric 

sulphide. 

NCW,, 

no2  00 

+ 

SAm2 

= CoS  + 

2N02Amo. 

Cobaltous 

nitrate. 

Cobaltous 

sulphide. 

*^2Bao" 
N02  ao 

+ 

COAmo2 

= COBao"  + 

2N02Am0. 

Baric 

nitrate. 

Baric 

carbonate. 

Silver,  copper,  cobalt,  and  potassium  are,  however,  not  the  only 
metals  which  might  have  been  separated  by  these  same  reagents. 

. The  table  on  the  next  following  page  exhibits  the  five  groups 
into  which  all  metallic  bodies  classify  themselves  on  the  addition  of 
the  several  group-reagents. 

* Solutions  of  salts  of  tho  different  metals  containing  five  milligrammes  of  the 
metal  in  a cubic  centimetre  are  conveniently  prepared  and  kept  for  use. 

t It  is  immaterial  whether  we  write  SCu  or  CuS,  since  both  sulphur  and 
copper  are  dyad  elements.  1 


alytical  classification  of  the  metals, 

WITH  THEIR  RESPECTIVE  GROUP-RE  AGENTS.  


ANALYTICAL  TABLE. 


GROUP-REAGENTS  AND  SPECIAL  REAGENTS. 
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Thus  far  group -reagents  assist  us  in  separating  bodies,  but  when, 
as  in  Group  IY,  the  white  precipitate  produced  by  the  group- 
reagent,  COAmo2,  leaves  us  still  in  doubt  whether  a barium,  stron- 
tium, or  calcium  compound  was  present  in  the  solution,  further 
experiments  must  evidently  be  made  with  a view  of  completely 
identifying  the  substance  under  examination.  This  the  student 
will  only  be  able  to  do  by  making  himself  first  practically  familiar 
with  the  different  changes  or  reactions  which  the  members  of  the 
various  groups  of  metals  can  be  made  to  undergo  : and  after  under- 
standing the  use  of  the  group-reagents,  he  should  direct  his  atten- 
tion to  the  special  reactions  which  distinguish  and-separate  one  metal 
from  another  or  from  several  others.  This  may  frequently  be  done 
in  more  than  one  way ; one  reaction,  however,  as  a rule,  deserves 
the  preference  over  others,  on  account  of  the  greater  exactness 
which  distinguishes  it,  or  on  account  of  increased  facility  of  execu- 
tion, or  of  both. 

Certain  reactions,  lastly,  will  have  to  be  studied,  which  are  not 
directly  available  for  the  separation  of  the  members  of  a group 
from  each  other,  but  to  which  considerable  interest  is  attached 
as  being  illustrative  of  some  valuable  property  or  other  of  the 
metals. 

The  tabular  form,  which  is,  no  doubt,  the  most  compact  and 
summary  mode  of  arranging  chemical  reactions,  will  often  be  adopted 
for  embodying  such  reliable  and  expeditious  methods  of  separation 
as  have  stood  the  test  of  experience  in  the  laboratory.  The  direc- 
tions given  will  be  concise  and  divested  of  all  explanatory  matter. 
On  no  account  should  a student  use  any  tabular  directions,  however, 
without  first  having  made  himself  practically  acquainted  with  the 
details  of  the  reactions ; and  to  counteract  any  pernicious  influence 
which  the  use  of  tables  might  have,  the  student  should  learn  to 
draw  up  tables  for  the  several  other  processes  of  separation  which 
are  frequently  possible. 

A deviation  from  the  natural  course  of  studying  the  reactions  of 
the  metals  by  beginning  with  Group  I,  and  so  on,  will  be  justified 
on  the  ground  of  greater  simplicity,  and  on  account  of  the  far 
greater  importance  which  is  attached  to  the  metals  of  Group  Y, 
especially  the  alkali  metals.  Experience  has  shown  that  students 
have  less  difficulty  in  mastering  the  reactions  by  reversing  the  order 
of  the  groups,  beginning  with  the  study  of  the  alkali  and  alkaline- 
earthy  metals ; and  that  a thorough  knowledge  of  the  metals  of  these 
groups  is  of  material  assistance  in  understanding  the  qualitative 
changes  to  which  the  metals  proper  are  subjected. 

ihe  chemical  nomenclature  employed  in  this  work  is  that  of 
Dr.  I rankland.  It  will  be  found  fully  explained  in  my  Introduction 
to  Inorganic  Chemistry.  An  experience  extending  now  over  several 
years  has  shown  that  it  is  readily  mastered  and  greatly  appreciated 
by  students.  It  is  both  comprehensive  and  logical,  for  it  does  not 
require  one  kind  of  formulae  for  inorganic  and  another  for  organic 
bodies,  and  it  complies  with  the  law  of  atomicity,  observed  for  the 
different  elementary  bodies.  The  little  o employed  by  Dr.  Frankland 
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POTASSIUM. 


in  writing  the  different  compound  basilous  radicals,  such  as  Ho,  Ko, 
Bao"  Bio'",  Al2ovi,  etc.,  has  tended  occasionally  to  mislead  beginners. 
It  will  be  found  useful  in  all  such  cases  to  practise  writing  these 
same  radicals  with  a big  0,  and  using  the  bracket,  with  the 
city  indication  placed  outside  the  bracket,  thus : ( ),  { h 

rOBnV'  rt),BiV"  fOrMo)vi.  We  shall  employ  these  formulae  occa- 
SSI:  SSnts  hate  L a rale  no  difficulty  in  transcribing  con- 
stitutional  into  empirical  formulas, . a practice  which  may  precede 
with  advantage  percentage  calculations. 


Chapter  II. 

reactions  of  the  metals  of  group  V. 

This  group  comprises  the  metals  potassium,  sodium,  ammonium,  and 
MAGNESIUM,  which  are  not  precipitated  by  any  gioup-rea0en 

1 POTASSIUM  IC. — Occurs  in  nature  only  in  a few  minerals, 

of  which  nitre  or  saltpetre  is  the  most  important  Potassium  is 

Into I'&lroLU  and  in  the  form  of  chloride  m sahne  deposrts 
(at  Stassfurth,  in  Prussia,  and  elsewheie). 

REACTIONS  IN  THE  DRY  WAY. 

Potassium  compounds,  when  heated  on  platinum  wire  in  the 
inner  flame  of  tin?  blowpipe,  impart  a violet  eu.our  to  the  outer 

“““m.  applies  more 

decomposition  at  a very  stiong  ( bufc  , ofc  to  non-volatile  potassie  salts, 

iodide)  or  which  are  decomposed  by  boat  reaotion.  The  pre- 

Si  .«t  on,  ,J  be“m” 

distinctly  visible,  and  is  then  of  a rich  reddish-violet  colo  . 

REACTIONS  IN  THE  WET  WAT. 

2Kci’,Pt01<.  insoTnble  * in  alcohol  and  ether,  as 

well  as  in  acids. 


nhilitv  of  a precipitate  in  different  media  can 
tales  which  require  no  quantitative  kuowlec  ge. 


* The  degree  of  solubility 
ascertained  by  laborious 


only  he 

therefore  be 
the  precipi- 


SODIUM. 
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I CHHo  (tartaric  acid)  precipitates  white  crystalline  Iiydric  potassic 
] CHHo  TCOKo 

IcOHo  tartrate,  I from  neutral  and  sufficiently  concentrated 

I C liLiiLO 

IcOHo 

solutions.  The  precipitate  settles  rapidly,  especially  on  shaking  or  stirring. 

2HF,  SiF4  (liydrofluosilicic  acid)  gives  a white  gelatinous  precipitate  of 

potassic  silicofluoridc,  2KF,SiF4. 

Potassic  salts  are  for  the  most  part  soluble  in  water,  hence  so 
few  reactions ; the  hydrate  and  carbonate  constitute  two  important 
reagents,  on  account  of  the  great  affinity  which  the  powerful  base 
potassa  possesses  for  the  acids  with  which  the  metals  of  other  groups 
may  be  combined. 


2.  SODIUM,  Na. — Occurs  in  nature  in  vast  masses,  as  rock  salt , 
NaCl;  as  carbonate,  in  native  soda,  CONao2,10OH2,  and  in  trona, 
C 0 1ST  ao2, 2 C 0 IIoN  ao,  3 OH2  ; as  nitrate,  in  cubic  nitre,  or  Chili  salt- 
petre, N02Nao;  as  sulphate  or  glauber  salt,  SO2Nao2,10OH2;  as  bibo- 
rate, B4Os]Srao2,10OH2 ; as  glauberite,  S204Nao2Cao",  and  as  cryolite, 
6NaF,Al2i\-„  and  in  many  silicates,  of  which  albite  may  be  taken 
as  the  representative.  All  natural  sodium  compounds,  with  the 
exception  of  the  last  two  minerals,  are  soluble  in  water. 

REACTIONS  TN  THE  DRY  WAY. 

We  almost  exclusively  rely  for  the  detection  of  sodium  upon 
the  characteristic  colour — an  intense  golden  yellow — which  its  com- 
pounds impart  to  the  outer  flame  of  the  blowpipe.  Some  sodic  salts 
are  readily  recognised  by  their  characteristic  taste,  especially  rock 
salt  and  cubic  nitre. 


REACTIONS  IN  THE  WET  WAY. 

We  employ  a solution  op  sodic  chloride,  NaCl. 

Sodic  salts  are  even  more  freely  soluble  than  potassic  salts, 
and  platinic  chloride  or  tartaric  acid  give  no  precipitates.  Hydro- 
fluosilicic  acid  gives  a gelatinous  precipitate  from  concentrated 
solutions  only. 

Sb0.2Ko  (potassic  mctantlmoniate)  produces  a white  crystalline  pre- 
cipitate of  sodic  metantimoniate  from  neutral  or  alkaline  solutions,  if  they 
are  not  too  dilute.  The  precipitate  is  insoluble  in  alcohol.  (The  solution  should 
only  contain  alkali  metals.) 

Sodic  hydrate  and  sodic  carbonate  act  in  every  respect  like 
potassic  hydrate  "and  carbonate.  Pure  sodic  hydrate  is  now  prepared 
from  the  metal  sodium,  and  deserves  the  preference  over  potassic 
hydrate.* 

* The  student  who  has  not  the  advantage  of  attending  a course  of  lectures  on 
chemistry  should  make  himself  familiar,  by  reading  a good  Manual  of  Chemistry, 
with  the  properties  of  the  various  salts  of  potassium  and  sodium,  also  with  the 
interesting  processes  of  manufacturing  sodic  carbonate  from  the  chloride  ; sodic 
silicate  ( water-glass ) ; potassic  chlorate,  &c.,  &c. 
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AMMONIUM. 


3.  AMMONIUM.— Am  = NH4. 

REACTIONS  IN  THE  DRY  WAY. 

Amnionic  salts,  when  heated  in  a test-tnbe,  volatilize,  either 
entirely  or  partially.  Salts  with  fixed  acids,  such  as  phosphoric 
acid,  lose  ammonia,  NH3.  Salts  of  ammonium  with  volatile . acids 
can  he  volatilised,  either  with  decomposition,  such  as  the  nitrate, 
nitrite,  sulphate  ; or  Avithout  decomposition,  such  as  the  chloride, 
bromide,  iodide : the  latter  salts  condense  again  unchanged  ; they 
sublime , and  are  found  in  the  upper  part  of  the  test-tube. 

REACTIONS  IN  THE  WET  AYAY. 

We  employ  a solution  of  ammonic  chloride,  AmCl. 

PtCli  produces  a heavy  yellow  precipitate  of  ammonic  platinic 
Chloride,  2AmCl, PtCli.  The  precipitate  is  soluble  in  much  water 
(hence  there  appears  no  precipitate  from  dilute  ammonic  solutions)  ; 
but  insoluble  in  alcohol  and  ether.  Ammonic  platinic  chloride 
leaves  on  ignition  only  spongy  platinum.  (Distinction  from 
Potassic  Platinic  Chloride,  Avhich  leaves  spongy  platinum  and 
potassic  chloride,  Pt  + 2KC1.) 

Tartaric  sicid  produces  from  a concentrated  solution  of  ammonic  chloride 
a white  crystalline  precipitate  of  liydrlc  ammonic  tartrate,  resembling  the 
potassium  precipitate  in  its  properties.  The  two  precipitates  are  readily  distin- 
guished on  ignition.  Ilydric  potassic  tartrate  loaves  a carbonaceous  residue, 
which  is  strongly  alkaline,  and  dissolves  in  water  (potassic  carbonate)  ; the  other 
leaves  merely  a residue  of  carbon,  devoid  of  any  alkaline  reaction. 

Ammonic  salts  arc  decomposed  with  evolution  of  ammonia  gas 
Avhen  heated  Avith  a hydrate  of  an  alkali  (Klio,  NaHo),  or  alkaline 
earthy  metal  (BaHo2,  Ca  Ho2),  thus: 

2AmCl  + CaHo2  = 2NH3  + CaCl2  + 20H2. 

Neutral  salts  of  certain  polybasic  acids,  e.g.,  well  dried  alkaline 
chromates,  borates,  phosphates,  etc.,  readily  decompose  ammonic 
salts,  Avith  evolution  of  ammonia  gas  and  formation  of  acid  salts, 
thus : — 

f Cr02Ko 

2CrO,Ko2  + 2AmCl  = ^ 0 + 2NH3  + 2KC1  + OH2. 

|_CrO,Ko 

Ammonia  gas  is  readily  recognised,  1st,  b y its  pungent  odour; 
2nd  by  its  turning  red  litmus  paper,  moistened  with  a drop  of  dis- 
tilled Avater,  blue ; 3rd,  by  its  combining  with  the  vapour  of  volatile 
acids  (such  as  hydrochloric  acid)  to  form  white  fumes  (AmCl). 

Nessler's  test*  for  traces  of  ammonia. — If  a potassic  solution  ot 
potassic  mercuric  iodide,  2KI,HgI2,  be  added  to  a fluid  containing 
mere  traces  of  ammonia  or  of  an  ammonic  salt,  a brown  precipitate 
of  dimercurammonic  iodide  or  a yellow  to  brown  coloration  is  pro-  . 
duced,  according  to  the  quantity  Qi  the  ammonium  compound 
present — 

# For  the  preparation  of  Nessler’s  solution,  seo  Appendix. 


MAGNESIUM. 
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2(2KI,HgI2)  + oKHo  + NH4H0  = NHg''2I,OH2  4-  7KI  + 30H,, 

Brown  pp. 

Amnionic  hydrate  and  carbonate,  as  well  as  various  other 
ammonium  compounds,  e.p.,  amnionic  chloride,  are  among  the  most 
useful  reagents  which  we  possess. 

QUESTIONS  AND  EXERCISES. 

1.  Mention  some  natural  compounds  in  which  potassium  occurs. 

2.  How  are  potassium  compounds  recognised  in  the  wot  way  ? 

3.  How  can  potassium  and  sodium  compounds  be  distinguished  before  the 

blowpipe  flame  P 

4.  State  how  you  would  ascertain  whether  the  yellow  precipitate  produced  by 

platinic  chloride  indicates  the  presence  of  a salt  of  ammonium  or  potas- 
sium, or  of  both. 

5.  How  can  hydric  potassic  tartrate  be  distinguished  from  hydrin  amnionic 

tartrate  P 

6.  How  can  sodium  compounds  be  recognised  in  the  wet  way  ? 

7.  Which  sodic  salts  are  found  native  ? 

8.  What  changes  do  the  following  amnionic  salts  undergo  upon  ignition : — 

ammonic  chloride,  ammonic  nitrate,  ammonic  nitrile,  amnionic  phosphate, 
POAmo3,  ammonic  carbonate,  COAmoo,  ammonic  iodide  ? 

9.  How  is  Bpongy  platinum  prepared  ? 

10.  How  would  you  test  for  mere  traces  of  ammonia  ? 

11.  How  much  spongy  platinum  is  obtained  from  2' 345  grms.  of  ammonic 

platinic  chloride  ? 

12.  How  much  dry  ammonia  gas  by  volume  (litres)  and  weight  can  be  obtained 

by  distillation  with  calcic  hydrate  from  5 grms.  of  ammonic  chloride  ? 

13.  How  would  you  examine  a mixture  containing  ammonic  chloride  and  potassic 

chloride  ? 

14.  2 grms.  of  the  mixed  chlorides  of  potassium  and  sodium  gave  by  precipi- 

tation with  platinic  chloride  3'671  grms.  of  potassic  platinic  chloride, 
2KCl,PtCl4  ; what  is  the  percentage  of  potassium  and  sodium  in  the 
mixed  chlorides  ? 

15.  A mixture  of  15  grm.  of  sodic  and  ammonic  chloride  lost  on  ignition  '234 

grin. ; what  is  the  percentage  of  ammonic  and  sodic  chloride  present  in 
the  mixture  ? 

16.  Calculate  the  percentage  composition  of  borax. 


4.  MAGNESIUM,  Mg. — Occurs  in  nature  as  oxide,  in  the 
mineral  periclase,  MgO;  as  hydrate  in  brucite,  MgHo2;  as  carbonate 
in  magnesite,  COMgo",  and  in  hydro-magnesite,  C:!OHo2Mgo'  '4, -1 0 IL ; 

CO 

as  double  carbonate  in  dolomite,  QQCao"Mgc/',  and  mesitine  spar, 

CO 

Q(jMgo"Fe°";  as  sulphate  in  eg isomite,  SOHo2Mgo'',60H.>;  as  phos- 


phate in  wagnerite,  P202Mgo"22  ^ ^Mg”  ^ ; as  silicate  in  peridots, 
SiMgo"2,  enstatite,  SiOMgo",  steatite,  Si[02Mgo"3,  talc,  SL;Or,Mgo''.j, 
serpentine,  meerschaum,  Si302Ho4Mgo"2,  and  in 

SiO  ° 

diopside,  gj(jOao”Mgo";  and  lastly,  as  borate  in  boracite,  Be09Mgo"3. 
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MAGNESIUM. 


REACTIONS  IN  THE  DRY  WAY. 

The  most  characteristic  reaction  for  magnesia  in  the  dry  way  is 
the  pale  rose  colour  which  this  alkaline  earth  acquires  on  moistening 
with  cobaltous  nitrate,  and  then  igniting  it  once  more  strongly  on 
charcoal. 

This  colour  can,  however,  only  he  relied  on  when  no  other  metallic  oxides  are 
present ; and  as  magnesium  salts  do  not  colour  the  outer  blowpipe  flame,  recourse 
must  almost  invariably  be  had  to  the  reactions  in  the  wet  way.  Ignition  of  the 
sulphate  on  charcoal  in  the  reducing  flame  yields  the  sulphide,  MgS.  Prolonged 
ignition  of  the  carbonate  yields  caustic  magnesia,  which  is  almost  insoluble  m 
water. 

REACTIONS  IN  THE  WET  WAY. 

For  this  purpose  a solution  op  magnesic  chloride,  3VIgCl2,  or 
MAGNESIC  SULPHATE,  S02Mgo",  (S02(OaMg)'',)  is.  employed. 

Magnesia  is  not  precipitated  by  ammonia  in  the  presence,  of 
ammonic  chloride,  because  it  forms  a soluble  double  chloride, 
2AmCl,MgCl2.  In  the  absence  of  ammonic  chloride,  part  of  the 
magnesia  is  precipitated  as  hydrate,  3V[glIo2,  thus . 

2MgCl2  + 2AmHo  = MgHo2  + 2AmCl,MgCl2. 

Soluble  double  chlorido. 


In  the  presence  of  a sufficient  amount  of  ammonic  chloride,  the 
magnesic  hydrate  is  at  once  decomposed  into  magnesic  chloride 
(T/ftfHoj  + 2AmCl  = MgCl2  + 2AmHo),  and  no  precipitation  takes 
place  nor  is  the  double  chloride  precipitated  by  ammonic,  sodic,  or 
potassic  carbonate.  Hence  magnesium  cannot  be  precipitated  m 
Groups  III  and  IV,  provided  a sufficient  amount  of  ammonic  chloride 
be  present,  and  the  solution  be  kept  sufficiently  dilute. 

Potassic,  sodic,  calcic,  and  baric  hydrate  precipitate  white 
magnesic  Iiyrtratc,  nearly  insoluble  in  cold  and  hot  water.  Amnionic 
chloride,  as  well  as  other  ammonic  salts,  dissolve.it  readily,  or,  it 
originally  present  in  sufficient  quantities,  prevent  its  formation. 

Sulphuric,  hydrofluosilicic,  and  oxalic  acid  form  soluble  magnesic 

salts. 

POHobTaOo  (liydrlc  disodic  phosphate)  precipitates  hydrlc  mag- 

ncsic  phosphate,  POHoMgo  . , e • l i • j 

The  precipitation  is  complete  m the  presence  of  ammonic  chloride 
and  ammonia.  P0AmoMgo'',6  Aq,  ammonic  magnesic  phosphate, 
falls  as  a white  crystalline  precipitate.  The  separation  from  a dilute 
solution  of  a magnesic  salt  is  promoted  by  gentle  heat,  and  by 
stirring  with  a glass  rod.  The  precipitate  is  but  slightly  soluble  in 
water  and  ammonic  salts.  In  water  containing  ammonia  it  is 
practically  insoluble.  Dilute  mineral  acids  dissolve  it  as  well  as 
acetic  acid.  Prom  very  dilute  solutions  the  precipitate  separates 
only  on  standing  for  about  24  hours  in  a warm  place. 

Ou  heating  magnesic  chloride  with  precipitated  mercuric  oxide,  the  chlorine 
is  converted  into  oxide,  mercuric  chloride  being  volatilized.  This  expe 
ment  must  be  conducted  in  a closet  which  is  provided  with  a good  indraught  ol 
air,  and  is  in  connection  with  a chimney  flue. 
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Methods  for  the  recognition  of  Mg,  K,  Na,  and  Am  will  readily 

suggest  themselves,  if  we  bear  in  mind 

1st.  The  volatility  of  ammonia  salts  (phosphates  and  borates 
excepted). 

2nd.  The  insolubility  of  MgHo2  in  water. 

3rd.  The  insolubility  of  2KCl,PtCli  in  alcohol. 

4th.  The  intense  yellow  coloration  which,  sodium  imparts  to  the 
blowpipe  flame. 

A solution  containing  salts  of  Mg,  K,  Na,  and  Am,  may  be 

examined  as  follows  : — 

1st.  Heat  a portion  with  NaHo  ; ammonia  gas  is  given  off,  which  is  recognised 
by  its  pungent  odour,  etc. — presence  of  Am. 

2nd.  To  a second  portion  add  AmOl,  AmHo,  and  POHoNao2,  a white  crystalline 
precipitate  indicates  the  presence  of  Mg. 

3rd.  Evaporate  a third  portion  to  dryness  and  ignite  strongly.  Extract  with 
hot  water,  and  add  BaHos  till  the  whole  of  the  magnesia  is  precipitated 
as  MgHo2 ; filter.  To  the  filtrate  add  COAtnOj,  as  long  as  a precipitate 
is  produced,  and  filter  again.  Evaporate  the  filtrate  to  dryness,  and  ignite 
strongly  to  expel  amnionic  salts.  Dissolve  the  residue  in  a little  water, 
filter  off  a trace  of  MgO  (if  any),  and  test  filtrate  for  potassium  by  means 
of  PtCl, ; a yellow  crystalline  precipitate — presence  of  K,  and  for 
sodium,  by  heating  on  a platinum  wire  before  the  blowpipe  flame ; a 
golden  yellow  flame  indicates  the  presence  of  Na. 

QUESTIONS  AND  EXERCISES. 

1.  How  is  magnesic  sulphate  prepared — 1st  from  magnesite ; 2nd,  from 

dolomite  l 

2.  Which  are  the  most  important  magnesium  minerals  ? Give  constitutional 

and  graphic  formula!. 

3.  How  is  magnesium  detected  in  the  dry  way  ? 

4.  Explain  the  action  which  ammonia,  potassic  hydrate,  and  sodic  carbonate 

have  upon  solutions  of  magnesic  salts  in  the  presence  of  ammonic  salts, 

and  also  without  them. 

5.  Describe  fully  the  most  characteristic  reaction  for  magnesic  salts  in  the  wet 

way. 

6.  How  is  magnesic  chloride  converted  into  oxide  in  the  dry  way  ? 

7.  How  is  magnesium  separated  from  potassium  and  sodium  ? 

8.  Calculate  the  percentage  composition  of  magnesite  and  epsomite. 

9.  How  much  crystallized  magnesic  sulphate,  SOHo2Mgo//,60H2,  can  be  pre- 

pared from 'one  ton  of  pure  magnesite  ? 


Chapter  III. 

REACTIONS  OF  THE  METALS  OF  GROUP  IV. 

This  group  comprises  the  metals  barium,  strontium,  calcium,  which 
are  precipitated  by  ammonic  carbonate  from  an  ammoniacal  solution 
in  the  presence  of  ammonic  chloride.  The  latter  prevents  the  pre- 
cipitation of  magnesium  (if  present  in  sufficient  quantities). 


1.  BARIUM,  Ba. — Occurs  in  nature  chiefly  in  the  form  of 
heavy  spar,  S02Bao'',  and  as  witherite,  COBao". 
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BARIUM. 


REACTIONS  IN  THE  DRY  WAY. 

Barium  compounds,  ■when  heated  on  platinum  wire  in  the  inner 
blowpipe  flame,  impart  a yellowish  green  colour  to  the  outer  flame, 
especially  when  treated  with  strong  hydrochloric  acid. 

Heavy  spar  heated  on  charcoal  in  the  reducing  flame  is  reduced  to  baric 
sulphide,  BaS,  which  fuses  readily.  This  reaction  is  made  use  of  to  prepare,  on 
a manufacturing  scale,  soluble  baric  salts  from  the  sulphate.  Baric  carbonate 
is  decomposed  only  by  ignition  to  a strong  white  heat. 

REACTIONS  IN  THE  WET  WAY. 

Baric  salts  are  obtained  by  dissolving  the  native  carbonate  or 
witherite  in  acids.*  Heavy  spar  is  attacked  by  alkaline  carbonates 
at  a high  temperature.  By  mixing  on  a small  scale  finely  powdered 
baric  sulphate  with  three  to  four  times  its  weight  of  fusion  mixture 
and  heating  in  a platinum  crucible  over  a gas  flame,  it  is  converted 
into  baric  carbonate,  thus  : — 

SO.Bao"  + CONaoKo  = COBao''  + SOdSTaoKo. 

Insol.  in  water.  Soluble  in  water. 


filtering, 


On  extracting  the  fused  .mass  with  hot  water  and 
COBao"  is  left,  from  which,  by  the  addition  of  the  respective  acids, 
•small  quantities  of  the  different  baric  salts  can  be  prepared. 

The  same  applies  to  celestine , SO.Sro". 

A SOLUTION  op  baric  chloride,  BaCl2,  is  employed. 

COAmOj  (group- reagent)  precipitates  white  baric  carbonate, 
COBao",  soluble  with  decomposition  in  acids;  somewhat  soluble  in 
amnionic  chloride.  With  carbonic  acid  it  forms  a soluble  acid  car- 
bonate or  dihydric  dicarbonate,  C,02Ho2Bao'',  but  it  ns  reprecipitated 
on  boiling  with  evolution  of  carbonic  anhydride.  Banc  carbonate 
is  partially  decomposed  by  alkaline  sulphates,  e.g.,  potassic  sulphate, 
into  baric  sulphate  and  alkaline  carbonate.  The  decomposition  is 
complete  in  the  presence  of  free  carbonic  anhydride. 

CONao,  and  COKo,,  same  precipitate. 

KHo  anil  NuIIo,  free  from  carbonates,  give  from  highly  concentrated  solutions 
a voluminous  precipitate  of  baric  hydrate,  Ballo,,  soluble  m water.  A solu- 
tion of  the  hydrate  in  water  is  known  as  baryta-mater  It  possesses  a stionB 
alkaline  reaction,  and  great  affinity  for  carbonic  anhydride. 

AmHo  gives  no  precipitate. 

SO., Ido,,  as  well  as  all  soluble  sulphates,  precipitate  heavy  white 
granular  baric  sulphate,  SO.Bao",  even  from  very  dilute  bo  utaona .of 
baric  salts,  insoluble  in  water,  dilute  acids  and  alkalies  , soluble  to  a 
perceptible  extent  in  boiling  concentrated  hydrochloric  and  mtnc 
acids  and  also  in  concentrated  solutions  of  ammomc  salts,  but  not 
if  the  precipitants  are  in  excess  ; soluble  also  in  concentrated  boil- 
ing sulphuric  acid,  with  formation  of  dihydric  baric  disulphate, 
O 7)  tjJ  pin 0' ' The  presence  of  an  alkaline  citrate  greatly  intei feres 

s-*1™5  of  strontio  or  caloio  (two 


* Dilute  acids  (HC1  or  N02Ho) 
aud  baric  nitrate,  which  result  from 
insoluble  in  the  concentrated  acids. 


should  be  employed,  as  the  baric  chloride 
the  action  of  these  aoids  upon  witherite,  are 


STRONTIUM. 
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sulphates  -which  are  but  slightly  soluble  in  water,  especially  the 
former),  constitute  the  most  delicate  test  for  barium. 

POIIoNaOj  (liydi'ic  tlisodic  phosphate)  gives  from  neutral  or  alkaline 
solutions  a white  precipitate  of  liydric  baric  phosphate,  POHoBao",  readily 
soluble  in  dilute  nitric,  hydrochloric  or  acetic  acid.  Perceptibly  soluble  in 
amnionic  chloride. 

| CO  Amo  (!l,unl0ll*c  oxalate)  gives  from  a moderately  dilute  solution 

of  a baric  salt,  a white  pulverulent  precipitate  of  haric  oxalate,  -j  ^(  )Eao", 

soluble  in  dilute  nitric  or  hydrochloric  acid.  Soluble  also  in  oxalic  and  acetic 
acids  when  freshly  precipitated. 

CrOjKo.j  (potassic  chromate)  gives  a bright  lemon  yellow  precipitate  of 
baric  chromate,  Cr02Bao",  even  from  very  dilute  solutions,  readily  soluble  in 
nitric,  hydrochloric  or  chromic  acid  (CrO.dl  o2) — reprecipitated  by  ammonia. — 
(Distinction  from  strontic  and  calcic  salts,  which  are  not  peeoipitated 

FROM  DILUTE  SOLUTIONS. 

2HF,SiF4  (hydrofluosilicic  acid)  gives  a colourless  crystalline  pre- 
cipitate of  baric  silicofluoride,  BaF3,SiF4,  which  subsides  quickly, 
especially  upon  the  addition  of  an  equal  bulk  of  alcohol.  It  is 
somewhat  soluble  in  water  and  in  dilute  acids,  insoluble  in  alcohol. 
(Distinction  of  baric  from  strontic  and  calcic  salts,  which  give 
no  precipitate.) 

Soluble  baric  salts,  such  as  baric  chloride,  nitrate  or  acetate, 
constitute  exceedingly  useful  reagents  for  the  detection  of  acids,  on 
account  of  the  metal  barium  forming  insoluble  salts  with  most 
acids. 


QUESTIONS  AND  EXERCISES. 

1.  How  can  baric  sulphate  be  converted  into  baric  nitrate  or  chloride  ? 

2.  M hieh  are  the  natural  compounds  of  barium? 

3.  Express  in  symbolic  equations  the  different  reactions  for  barium. 

4.  Which  are  the  most  delicate  reactions  for  barium  ? 

5.  How  can  barium  be  separated  from  strontium  and  calcium  ? 

6.  1-235  grm.  of  ivitherite  gave  ‘965  grm.  of  baric  sulphate  ; what  is  the  percentage 

of  barium  and  of  baric  carbonate  in  the  mineral  ? 

7.  A sample  of  heavy  spar  contains  96'5  per  cent,  of  pure  sulphate.  How  much 

baric  sulphide,  and  how  much  baric  nitrate  can  be  obtained  from  1 cwt.  of 
the  mineral  ? 


2.  STRONTIUM,  Sr". — Occurs  in  nature  as  sulphate,  in  the 
mineral  celestine,  S02Sro"  ; and  as  carbonate  or  strontianite,  COSro”. 

examination  in  the  dry  way. 

Strontium  compounds,  when  heated  on  platinum  wire  in  the 
inner  flame,  colour  the  outer  flame  crimson. 

Celestine  heated  on  charcoal  in  the  reducing  flame,  is  converted  into  strontic 
sulphide,  SrS,  from  which  the  chloride  may  be  prepared  for  blowpipe  and  other 
reactions,  by  treating  the  residue  with  hydrochloric  acid. 

REACTIONS  IN  THE  WET  WAY. 

We  use  a solution  of  strontic  chloride,  SrCl2. 
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CALCIUM. 


COAniOo  ( group  - reagent)  gives  a white  precipitate  of  strontic 
carbonate,  COSro",  less  soluble  in  ammomc  chloride  than  the 
corresponding  baric  carbonate  ; soluble  m dilute  acids.  Carbonic  acid 
produces  the  soluble  dihydric  strontic  dicarbonate,  C202Ho2bro 
which  is  decomposed  on  boiling  into  normal  carbonate,  carbonic 
anhydride  and  water. 

CONao2  and  COKo2,  same  precipitate.  . , 

S02Ho-.,  or  a soluble  sulphate,  produces  a white  precipitate 
strontic  sulphate,  SOtSro".  From  dilute  solutions  a 
appears  only  after  some  time,  especially  if  calcic  sulphate  bo  use 
as'Ihe  precipitant..  Heat  assists  the  precipitation  The  precipitate 
dissolves  perceptibly  in  hydrochloric  or  nitric  acid,  but  is  insoluble 
in  alcohol.  It  is  insoluble  also  on  boiling  in  a concentrated  section 
of  amnionic  sulphate,  S02Amo2,  and  a little  ammoma.  (DISTINCTION 

BETWEEN  STRONTIUM  AND  CALCIUM.)  . . , . -t. 

A solution  of  strontic  sulphate  in  water  precipitates  banc  salts. 

r COAmo  (ammonic  oxalate)  precipitates  strontic  salts  more  readily 
\ CO Amo  f COq  „ • 

than  baric  salts.  The  white  precipitate  of  strontic  oxalate,  | c0'  ™ ,1 

readily  soluble  in  dilute  nitric  or  hydrochloric  ,cid , somo.h.t  soluble  m 
ammonic  salts > but  sperinely  soluble  m oxalic  or  acetic  acid. 

QUESTIONS  AND  EXERCISES. 

1 from  strontianUe ; 2nd. 

3 Which  'are the  most  characteristic  reactions  for  strontium? 

i rat?r^r.«™^ and  in 
G.  How  can  strontium  be  separated  from  calcium  P 


o r AT.CIUM  Oa”. — Occurs  in  nature  in  the  mineral,  vegetable 

OTJ  kingdom,  in  vast  masses,  in  combination  with  carbonic 

IS  silicic  and  phosphoric  acids.  In  plants  it  occurs  combined 
•tb  oorhonic  sulphuric  and  phosphoric  acids ; m animals  com- 
and  carbonic  acids.  It  is  occasionally  also 

found  7n  minerals  which  result  from  the  action  of  acids  (such  as 

Th“p'Swil0SwumOi Zerlsle  the  various  calcic  carbonates, 
I he  principal  oa  in  crystalline  structure,  such  as 

difiermg  in  physics  P occasionally  barium, _ magnesium, 

calc  spai,  * invariable  proportions,  and  passing  gradually 

i»r 

“pit  ShTcI’,  anhydrite,  SO.CW',  alabaster,  selemte ,_the  phos- 

. ....  p n Can",  fl;Ca'' V,  hone-earth,  P202Cao  3; 

phates,  such  as  apatite,  X3U3L  1 \I  / 

and  flnor  spar,  CaF2. 


CALCIUM. 
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REACTIONS  IN  THE  DRY  WAY. 

Most  calcium  compounds,  when  heated  in  the  inner  flame  of  the 
blowpipe,  colour  the  outer  flame  yellowish-red  ; calcic  phosphate 
and  borate  excepted.  The  presence  of  barium  or  strontium  entirely 
obscures  the  calcium  reaction. 

Calcic  carbonate  when  strongly  ignited  becomes  converted  into  caustic  or 
quicklime,  CaO,  which  reacts  alkaline.  It  combines  with  water  very  eagerly, 
evolving  much  heat,  and  is  converted  into  calcic  hydrate,  CaHo2  (slaked  lime), 
which  is  less  soluble  in  water  than  either  baric  or  strontic  hydrate.  It  is  also 
more  soluble  in  cold,  than  in  hot  water.  Calcic  sulphate  is  converted  into  calcic 
sulphide,  CaS,  when  ignited  on  charcoal  in  the  reducing  flame.  The  mass  reacts 
likewise  alkaline. 


REACTIONS  IN  THE  WET  WAY. 

Calcic  salts  are  readily  prepared  from  pure  calc  spar  or  marble , 
by  means  of  dilute  acids. 

We  employ  A SOLUTION  OF  CALCIC  CHLORIDE,  CaCl2. 

COAmo2  (group. reagent)  precipitates  white  calcic  carbonate, 
COCao",  which  is  bulky  and  amorphous  at  first,  but  on  warming 
gently  becomes  rapidly  crystalline.  Calcic  carbonate  is  somewhat 
soluble  in  ammonic  chloride,  especially  when  freshly  precipitated. 
It  is  in  fact  partially  reconverted  on  boiling  into  calcic  chloride. 

COhTao2  and  COKo2,  same  reaction. 

S02Ho2,  or  a soluble  sulphate,  precipitates  from  concentrated  solutions  of 
a calcic  salt  white  calcic  sulphate,  SOHo2Cao"  + Aq.,  soluble  in  much  water, 
and  still  more  soluble  in  acids.  A precipitate  is  obtained  on  the  addition  of  twice 
the  volrnne  of  alcohol  from  solutions  which  are  too  dilute  to  be  precipitated  by 
sulphuric  acid  or  a soluble  sulphate.  Calcic  sulphate  dissolves  readily  on  boiling 
in  a concentrated  solution  of  ammonic  sulphate.  J s 

A solution  of  calcic  sulphate  precipitates  both  baric  and  strontic  salts 
POHoNao2  (liydric  disodlc  phosphate)  gives  a bulky  white  precipitate  of 
trlcalcic  phosphate,  P202Cao"3,  soluble  in  dilute  hydrochloric  or  nitric  acid 
and  soluble  in  acetic  acid ; repreeipitated  by  ammonia. 

/ COAmo  , . 

1 COAmo  (amnionic  oxalate)  produces  even  from  very  dilute 

solutions  of  calcic  salts  a white  pulverulent  precipitate  of  calcic 

oxalate,  j Q^Cao''  + Aq.,  readily  soluble  in  hydrochloric  or  nitric 

acid ; not  perceptibly  soluble  in  oxalic  or  acetic  acid.  On  gentle 
ignition  calcic  oxalate  breaks  up  into  calcic  carbonate,  and  carbonic 
oxide  gas,  and  on  igniting  very  strongly,  caustic  lime  is  left. 

soluble  calcic  salts,  such  as  the  chloride  or  nitrate,  constitute 
very  important  reagents  for  the  detection  of  acids,  on  account  of  the 
metal  calcium  forming  insoluble  salts  with  most  acids. 


QUESTIONS  AND  EXERCISES. 

1.  Which  are  the  most  important  natural  lime  compounds  ? 

q'  m-  ffniphic  formula;  for  gypsum,  anhydrite,  calc  spar,  Jluor  spar,  apatite. 

T,  hlcf*  are  the  most  delicate  reactions  for  calcium  in  the  wot  way  p 

4.  How  is  arragonite  converted  into  calcic  oxalate  ? 

5.  Calculate  the  percentage  composition  of  hone-ash. 

6.  Why  can  a solution  of  calcic  sulphate  be  employed  for  the  detection  ol  barium 

and  strontium  even  in  the  presence  of  calcic  salts  ? 
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18  SEPARATION  OF  BARIUM,  STRONTIUM,  AND  CALCIUM. 

Separation  of  Barium,  Strontium,  and  minerals 

frequently  contain  strontium  and  calcium,  anc  s r metals 

barium  and  calcium  as  well.  A method  of  sepaia  g 

is  based  upon — e ni  ■, 

1st.  The  insolubility  of  BaCl2  in  absolute  alcohol  (SrU,  and 

2nd.  Thf  tootw%Uof8 Wao".  and  W.Sro"  in  absolute 
alcohol  (calcic  nitrate  being  soluble). 

ness  and  gently  ignited.  i : i3V  digesting  the  finely 

tbcUUoleed  BuCls  by 

Strontium  is  separated  from  0^^^  ^precipfiating  -with 

absolute  alcohol,  which  contains  t 2 r0ntic  and*  calcic  carbonates  into 

OOAmo*  filtering  and  conversion  of  the  strontm  ana  ^tes  is  evapo- 

calcic  nitrate  is  dissolved  out, 

strontic  nitrate  being  insoluble  m absolute  alcoho  . 

^SSssS^^sxs^ 

nf  flrour)  IV  will  suggest  themselves. 

It  is  often  useful  to  n.certon 

ar  ssl  s coSko,,  s«e  asaw 

stalline  precipitate  indicates  barn  • ^ime  pl.0ving  the  presence  of  stron- 

a precipitate  forms  perhaps  on  y 1 . , ’ calcium  only  need  be  looked 

tium  ; or  the  solution  remains  which  ammonic  oxalate 

* both 

S.  arc  present,  separation  beeo.ne.  desirable.  _ 

The  student  will  to™  no  difficulty  now  in  drawing  np  tabula, 
analytical  schemes*  based  upon:  aIMW. 

3rd.  The  bely  gently  soUble 

to  be  readily  indicated  by  mmarns  oxalate. 

PBACTICAL  EXEECISESf  OX  OEOCP3  IT  AND  T. 

You  are  requested  to  analyse 
1.  A solution  of  salts  of  tie  metals  E.  Mg,  and  Ba. 


of  tie  book  contains  a seiemo 
embodying  method  2pon  ^ ^ done  in  a laboratory  the  analytical  result. 


REACTIONS  OF  THE  METALS  OF  GROUP  HI.  19 

2.  A mixture  (about  '5  grin.)  of  the  solid  salts  NaCl,  SrCL,  and  maqnesia  alba 

(C3Ho4Mgo"4). 

3.  A mixture  of  the  solid  salts  AmCl,  BaCl2,  and  COCao". 

4.  A mixture  of  the  salts  AmCl  and  S02Mgo". 

5.  A mixture  containing  finely  powdered  marble,  baric  carbonate  and  common 

salt. 

6.  A solution  of  BaCL  and  Sr012,  containing  '010  grm.  of  Ba  and  '100  grm. 

of  Sr. 

7.  A solution  of  NaCl,  KOI,  and  Mg-Cl2,  containing  '020  grm.  of  K,  '200  grm. 

of  Na,  and  ‘050  grm.  of  Mg. 

8.  A solution  of  SrCl2  and  CaCl2,  containing  -050  grm.  of  Sr,  and  "500  grm. 

of  Ca. 


Chapter  IV. 


REACTIONS  OP  THE  METALS  OP  GROUP  III,  OR 
AMMONIC  SULPHIDE  GROUP. 


Group  III  comprises  the  metals  Nickel,  Cobalt,  Manganese,  Zinc 
Iron,  Chromium,  Aluminium,  likewise  the  phosphates  of  these  metals,' 
and  of  Magnesium,  Barium,  Strontium,  and  Calcium. 

1.  Add  to  a solution*  containing  N204Coo,/,  Fe2Cl6,  and  calcic  phosphate, 
dissolved  in  a little  dilute  hydrochloric  acid,  a concentrated  solution  of  ammonic 
chloride,  and  then  ammonia.  A precipitate  is  produced.  Filter,  and  add  to  the 
filtrate  ammonic  sulphide.  A further  precipitation  takes  place  ; the  precipitate 

IS  Dl&CE, 


This  shows  that  some  members  of  this  group  are  precipitated  by 
AmCl  and  AmUo ; others  only  on  the  addition  of  SMm2. 

2.  Add  to  a solution  of  Fe2Cl6,  Cr2Cl6,  and  A12C16,  ammonic  chloride  and 
ammonia,  till  it  is  distinctly  ammoniacal.  A bulky  gelatinous  precipitate  is 
obtained.  Filter.  Add  to  the  clear  filtrate  ammonic  sulphide  : no  further  pre- 
cipitation takes  place.  v 


Showing  that  Iron,  Chromium,  and  Aluminium  are  precipitated 
(as  hydrates)  from  their  saline  solutions  by  AmCl  and  AmHo  alone 
without  the  aid  of  SAm2.  (Ammonic  chloride  has  no  share  in  the 
precipitation,  but  counteracts  the  solubility  of  the  aluminic  hydrate 
in  excess  of  the  precipitant,  and  prevents  the  precipitation  of 
magnesium  as  hydrate.) 


3.  Dissolve  some  baric,  strontie,  calcic,  and  magnesic  phosphates  in  dilute 
hydrochloric  acid,  and  cautiously  add  to  the  solution  ammonia.  No  precipitate 
is  produced  tiH  the  free  acid  has  been  neutralised  (with  formation  ofSonS 
chloride),  when  the  phosphates  are  reprecipitated.  Filter  and  add  ammonic  sul- 
phide to  the  filtrate.  No  further  precipitation  takes  place. 

This  shows  that  the  phosphates  of  the  alkaline  earthy  metals  are 
precipitated  by  ammonia  alone. 


shouid  be  carefully  recorded  by  the  student  (as  far  as  possible,  in  a tabular  form) 

and  corrected,  if  necessary.  By  these  means  only  it  is’ 
possible  to  control  and  direct  the  analytical  studies  of  a large  class. 

So  U^01]8  ^taming  -005  grm.  of  the  metal  in  every  e.c.  are  readily  pre- 
pared, and  should  be  kept  for  use.  5 c.c.  of  each  solution  will  be  found  a 
convenient  quantity.  miinci  a 


C 2 


Chromic  phosphate 
Aluminic 
Baric 
Strontic 
Calcic 
Magnesic 


5? 

>5 

55 


55 


20  ACTION  OF  GROUP  REAGENTS  AmCl,  AmHo,  &G.,  &C. 

4 Dissolve  some  phosphates  of  Ni,  Co,  Mu,  Zn,  andFe  in  dilute  hydrochloric 
acid  * To  one  portion  of  the  solution  add  ammonic  chloride  au<1  dd 

precipitate  is  formed.  The  phosphates  are  reprecipitated.  Filter  and  add 
ammonic  sulphide  ; a farther  precipitate  is  produced. 

Showing  that  the  phosphates  of  these  metals  are  not  entirely  pre- 
cipitated bn  ammonic  chloride  and  ammonia. 

V Thus  we  have  seen  that  these  two  reagents  precipitate:- 

Niclcelous  phosphate 
Cobaltous  „ 

Manganous  ,, 

Zincic  )> 

Ferric  » 

Ferric  hydrate 
Chromic  „ 

Aluminic  ,, 

of  NiAnd  CoS  (black),  3nS  (white),  and 

TVTnM  (buff  coloured). 

“!fa  “"e 

solution  and  the  turbidity  increases  rapidly. 

Showing  that  AmOl  and  AmHo  produce,  under  favourable  eon- 
ditions,  a partial  precipitation. 

6.  To  “"“I- 

SScSS  »=“^Ko«c  Asmara  .3  herr  IK 

solution.  . . C1  d AmHo,  a reddish-brown  precipitate 

of  I^SSST^StfS:  P— , which  on  the  addition  of  SA,„=,  turn. 

instantaneously  black.  , 

This  shows  that  iron  is  first 

circumstances  as  hydrates,  bat 
“partS^ffto  members  of  Group  HI  front  others,  and  that 
precipitate  in  a little  hydrochloric  acid. 
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SAm2  should  invariably  be  added  as  well, 
precipitate : — 

1.  Sulphides — 


NiS 

black 

CoS 

black 

MnS 

buff 

ZnS 

white 

FeS 

black. 

The  three  reagents* 


2.  Hydrates — 

Cr2Ho6  green 
Al2Ho6  white. 

3.  Phosphates  of  Cr,  Al,  Ba,  Sr,  Ca,  and  Mg. 


NICKEL,  Ni"  and  1V. — Occurs  in  nature  as  sulphide,  NiS", 

in  capillary  pyrites , hair  nickel,  or  millerite ; as  arsenide,  in 

• 7 f "As'  f ' 

arsenical  nickel,  -j  i-As-Ni",  and  in  copper  nickel,  ; as 

f 'Sb"Ni/*  ^ 

antimonide,  in  < / Slo"ISri’'’  an^monV  nickel,  combined  with  rul- 

• f "As' 

phide,  as  m nickel  glance  or  grey  nickel  ore,  <!  "As'Ni,NiivS2,  as  anti- 

f "siy  L 

mony  nickel  glance,  j ,,Sb,Ni,NiivS2 ; also  in  the  form  of  minerals, 

which  are  the  result  of  the  oxidation  of  other  nickel  minerals,  e.g., 
as  nickel  ochre,  As202Mo"3,  and  emerald  nickel,  C(ONi"Ho)2Nio'', 
50H2. 

reactions  in  the  dry  way. 

TVhen  nickel  compounds  are  heated  on  charcoal  with  dry  sodic 

...  * 4^  ^Hoto  a.  solution  of  baric,  strontic,  calcic  (and  magnesic)  oxalates  in 
dl™®  ^drochlonc  acid,  as  long  as  a white  precipitate  is  obtained.  The  oxalates 
ot  the  alkaline  earths  are  reprecipitated  more  or  less  completely  as  soon  as  the 
hydrochloric  acid  which  (as  in  the  case  of  the  corresponding  phosphates)  holds 
them  in  solution  is  completely  neutralised. 

The  same  applies  to  the  fluorides,  borates,  tartrates,  citrates,  etc.,  of  these 
earthy  bases,  which  are  precipitated  byAmHo,  although  in  the  presence  of  much 
■ . ey  a.re>  1°  a gfeat  extent,  held  in  solution. 

. ^ul  and  silicates,  soluble  in  hydrochloric  acid,  are  likewise  acted  upon 

by  Am  Cl  and  AmHo,  gelatinous  silica,  SiHo4  being  precipitated. 

in  order  to  avoid  complicating  the  qualitative  course,  it  is  usually  preferred 
to  evaporate  the  hydrochloric  acid  filtrate  from  Group  II  to  complete  dryness, 
u ^ T l0WAard®  the  end  of  evaporation,  of  a little  concentrated 

Sc  an?’  "henev“:  AmCl  and  AmHo  produce  a precipitate.  By  these  means 
borates  Sl°2’/8  lcit  beWnd  insoluble  in  acids;  the  fluorides  and 

HCt  frce  or  ™l!(  r Part,  decomposed  ; boric  and  hydrofluoric  acid  being 

anhvdride  hv  A tllued\  . 0xalates  are  destroyed  with  evolution  of  carbonic 

actl°n  °l  th°  nitric  acid’  a,ld  t“fra<»s>  etc.,  arc 
P bj  gentle  ignition  into  carbon  and  volatile  gaseous  products  • ferrous 
salt  are  converted  into  ferric  salts,  and  on  extracting  the  ignited  residue  with 

chkrid^sCTr  rtecU;ydr0(;ljloric  acid>  tho  motals  a™  obtaLed  in^SSSJ^ 
mrtalhc  bases8  °D  5 ^ Ul°  Pho8Phate9  of  thc  alkaline  earths,  earthy  and 
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Smfc  8S  at'^imiCf tat  the  bead  becomes  almost  odourless 
when  cold.  reactions  in  the  wet  way.  „ 

Wo  employ  a solution  op  nickelous  sulphate,  2 10  > 

whence  tbo  sulphide  is  Ltate)  assists  the 

ammomo  clilondo  Or  ott  , lyos  with  difficulty  m dilute 

!Xl«c' Jd"  — - ■*“  "®*  and,Bb"‘ 

a :tii  sass.  \sfttiBs~ — ^ - ■**■• 

“ClNaHo  or  KHo  precipitates  « ^XTo  T Wue 

MdUbNiSeieouTbVSl  toes“on  ignition  nickelous  oxide.  It 

^ -*  “table  t0  * Hue  “ 
NosssC^”*s““  “““*  *■*  c“r''”''“,c'  ™,“e  ” ~ 

PO*OOAmo1.»«.e  precipitate,  readily  .oluble  in  exees.,  when  altered  and  wanted, 

to  a greenish  blue  solution.  d carbonate*)  gives  a 

KCy  (free  from  cyanate  (CyK  cyanitlc,  NiCy„  which 

yellowish  green  precipitate  °f  cyanide  to  a brownish 

dissolves  readily  in  ««  of  nickel  and  potas- 

vellow  solution,  containing  a doume  y (HC1  Gr  SO,Ho2), 

sium,  SKCy.NiCy,.  On  adffing  d( with  evolution  ol 

NjCy.  isBXgwl  hydrochloric  acid  decomposes  the  nickelous 

^ SS  of  the  double  cyanide  is  not  altered  by  boiling  with 

. It  ie  preferable  to  add 

d be  ob, erred  e„  — .1 

highly  poisonous  nature  ol  Hty. 
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excess  of  HCy,  but  the  nickelous  salt  is  oxidized  in  the  cold  by 
chlorine,  or  on  the  addition  of  a concentrated  solution  of  sodic 
hypochlorite,  CINao,  to  black  nickclic  hydrate,  'Ni  '.Hoe,  which  is 
gradually  precipitated,  thus  : — 

2NiCy2  + CINao  + SOII2  = NiJIo0  + NaCI  + 4HCy. 

Nickehc  hydrate  may  also  be  obtained  by  passing  chlorine 
through  water,  in  which  nickelous  hydrate  is  suspended.  HC1 
decomposes  the  tetrad  nickel  compound  into  nickelous  chloride  and 
free  chlorine. 


QUESTIONS  AND  EXERCISES. 

1.  Express  in  symbolic  equations  the  reactions  for  nickel  in  the  wet  way. 

2.  State  which  are  the  principal  nickel  minerals,  ancl  translate  into  graphic 

formulas  the  constitutional  formulae  of  emerald  nicJcel , antimony  nickel, 
nickelous  nitrate  and  arseniate. 

3.  How  many  oxides  of  nickel  are  there ; and  how  would  you  prepare  them  from 

a solution  of  nickelous  sulphate  ? 

4.  How  would  you  recognise  the  presence  of  Ni  and  As  in  arsenical  nickel  ? 

5.  50  cubic  centimetres  of  a solution  of  nickelous  sulphate  yield  on  precipitation 

with.  KHo  and  ignition  -370  grm.  of  NiO  ; how  much  Ni  is  contained  in 
1 c.c.  of  the  solution,  and  how  much  nickelous  sulphate  (SOHo2Nio",60IL.) 
must  be  dissolved  in  a litre  of  water  to  obtain  a solution  of  the  above 
strength  ? 

6.  Calculate  the  percentage  composition  of  capillary  pyrites. 


COBALT,  Co''  and  iv. — Occurs  in  nature  as  sulphide  or  cobalt 
pyrites,  Co2S3  or  j CoS"®"  ’ as  arsen^e  ^ ‘[''As'^0,,’  ^in- white 

cobalt  or  smaltine  ( speiss  cobalt'),  as  sulpiiarsenide,  or  cobalt  glance . 
f ''As' 

1 "As'  Co",CoivS2 ; also  in  the  form  of  products  of  oxidation,  such  as 

cobalt  vitriol,  SOHo2Coo'',60H2,  as  arseniate,  As202Coo"3,80H2,  in 
cobalt  bloom,  and  generally  in  small  quantity  in  nickel  and  iron  ores. 


REACTIONS  IN  THE  DRY  WAY. 


Cobalt  is  usually  detected  with  comparative  facility.  Cobalt 
minerals  containing  sulphur  or  arsenic  are  roasted  on  charcoal,  or  in 
a glass  tube,  when  sulphurous  and  arsenious  anhydride  are  evolved. 
The  residue  is  then  introduced  into  a borax  bead,  and  heated  in  the 
outer  flame,  when  a fine  blue,  so-called  cobalt  glass,  is  obtained. 
This  colour  remains  the  same  both  in  the  outer  and  inner,  or  reducing 
flame.  In  cases  where  much  Mn,  Fe,  Cu,  or  Ni  are  mixed  with  Co, 
the  blue  appears  distinctly  only  after  the  bead  has  been  heated  for 
some  time  in  the  reducing  flame.  Microcosmic  salt  gives  the  same 
blue  bead.  Heated  on  charcoal,  with  sodic  carbonate,  in  the  reducing 
flame,  cobalt  separates  as  a grey  metallic  powder  which  is  attracted 
by  the  magnet. 


REACTIONS  IN  THE  WET  WAY. 

We  employ  a solution  op  cobaltous  nitrate, 


no2 

no2 


Coo". 
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COBALT. 


SAm2  (group -reagent)  gives  a black  precipitate  of  cobaltous 
sulphide,  CoS,  insoluble  in  excess  of  the  reagent,  scarcely  soluble  in 
acetic  acid,  and  very  difficultly  soluble  in  dilute  hydrochloric  or 
sulphuric  acid,  but  readily  soluble  in  aqua  regia  upon  the  applica- 
tion of  heat.  Hence  a black  residue  left,  on  treating  the  amnionic 
sulphide  precipitate  of  Group  III  with  dilute  hydrochloric  acid, 
indicates  probably  the  presence  of  cobaltous  or  niekelous  sulphide. 

SIB  elves  no  precipitate  from  an  acid  solution,  but  precipitates  cobaltous 
sulphide  partially  from  a neutral  solution,  and  wholly  from  a solution  of  cobaltous 
acetate,  or  from  a solution  of  a cobaltous  salt  containing  a mineral  acid,  on  the 
addition  of  an  alkaline  acetate,  and  upon  heating. 

KHo  or  NaHo  gives  a precipitate  of  a blue  basic  salt,  which 
turns  olive  green  on  exposure  to  air,  owing  to  the  absorption  of 
oxygen.  On  heating,  a rose  red  cobaltous  hydrate,  ColIo2,  is  obtained, 
which,  however,  contains  mostly  a small  amount  of  dark  brown 
cobaltic  hydrate.  Ammonic  carbonate  dissolves  the  precipitate 
(after  filtration  and  washing)  to  an  intensely  violet-red  fluid. 

By  suspending  cobaltous  hydrate  in  water,  and  passing  a current 
of  chlorine  into  it,  black  cobaltic  hydrate  is  precipitated,  whilst 
cobaltous  chloride  remains  in  solution,  thus : 


3CoHo2  + 01,  = Co2Hog  + 

Cobaltic 

hydrate. 


C0CI2 


In  the  presence  of  an  alkali  (NaHo)  the  whole  of  the  cobaltous 
hydrate  is  converted  into  cobaltic  hydrate. 

' An, Ho  produces  in  neutral  solutions  a slight  precipitate  of  a basic  salt, 
which  dissolves  readily  in  excess.  The  solution  is  reddish  brown.  Ammonic 
chloride  prevents  the  precipitation  altogether.  The  solution  absorbs  oxygen  from 

the  air,  and  becomes  rapidly  brown. 

OONaoo  nrecipitates  a peach  coloured  basic  carbonate. 

SoAmo\!  same  precipitate;  readily  soluble,  however,  111  excess,  to  a red 
solution. 

KCv  nives  with  all  normal  cobaltous  salts  a brownish  white ^pre- 
cipitate of  cobaltous  cyanide,  CoCy*,  soluble  in  excess,  reprecipitated 

bv  dilute  hydrochloric  or  sulphuric  acid.  . . , 

y If  the  cobaltous  solution,  however,  contain  free  acid,  so  as  to 
liberate  hydrocyanic  acid  by  the  action  of  the  latter  upon  the  excess 
of  KCy ; 1 and  if  the  solution  containing  the  double  cyanide  2KCy, 
CoCy/be  heated  for  some  time,  dilute  hydrochloric  or  sulphuric  acid 
no  longer  produces  a precipitate,  the  whole  of  the  cobaltous  cyanide 
bavins'  been  converted  into  cobaltic  cyanide,  2 }«) 

remains  combined  with  6KCy  to  form  a well  defined  and  stable  salt, 
called  potassic  cobalticyaniUc,  K6Co2Cyi2,  hydrogen  being  evo  v , 

tllUS  ’ 2CoCy2  + 2IICy  = Co3CyG  + H2. 

6KCy  + Co,Cy0  = K6Oo2Cyi2. 

Potassic 

cobalfcicyanide. 


This  salt  is  not  acted  upon  by  sodic  hypochlorite  in  the  cold. 


SEPARATION  OF  NICKEL  FROM  COBALT. 
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Separation  of  Nickel  from  Cobalt. 

It  is  obvious  that  the  hydrocyanic  acid  reaction  enables  us  to 
separate  nickel  from  cobalt.— To  a neutral  solution  of  the  two  salts 
add  cautiously  a small  quantity  of  a strong  solution  of  hydrocyanic 
acid  and  then,  drop  by  drop,  KHo  (a  solution  of  potassic  cyanide 
may  likewise  be  used)  as  long  as  a precipitate  forms,  and  till  the 
precipitate  is  quite  redissolved.  Heat  gently  for  some  time  in  a well 
ventilated  closet,  till  the  odour  of  hydrocyanic  acid  has  disappeared. 
AUow  to  cool,  and  add  a concentrated  solution  of  sodic  hypochlorite 
JII2H06  is  precipitated  in  the  cold,  and  cobalt  remains  in  solution,  as 
K6Lo2Oy12  Separate  by  filtration.  Test  the  residue  before  the 

f !rT,!l  H f1'  mcke1’  ?draP°rate  the  solution  to  dryness,  and  test 
for  cobalt  by  means  of  a borax  bead. 

.fB,eparating /^el  as  Ni2Ho6  by  means  of  CINao,  the  solution 

divided  freshKm  excef  of  HCL  may  aIso  be  precipitated  whilst  hot,  with  finely 
divided  fleshly  precipitated  mercuric  oxide.  On  digesting  for  a short  time  nt 

NiCvtletheat’  Ule  wholc,of.tho  nickel  is  precipitated,  partly  as  NiHo2,  partly  as 
e merem-y  combining  with  the  liberated  cyanogen.  Filter  off  the^/reenish 
or  yellowish  grey  precipitate,  wash,  and  ignite.  Pure  NiO  is  left ; thus/— 

(1)  2NiCy3  + xHgO  + OH2  = HgCy2  + NiHo2,NiCy2  + x-lH&0. 

Greenish 

precipitate. 

(2)  NiHo2,NiCy2  + Hg-0  = 2NiO  + Hg-C'y,  + 0H2. 

Volatile 
on  ignition. 

The  cobalt  remains  in  the  solution  as  K,f]n  -vr  , ... 

«*>,  «* 

which  is  expressed  by  the  equation  ^ S anchng),  the  formation  of 


2^02p  „ 

^NOa000 


14NOKo  + 4{^o  + 2oH2  = N^Coaovi, 

Yellow 


6NOKo,40H2  + 4N02Ko  + 4-T^  N Q 
precipitate. 


hydm/hforic  StorV/potessk  ’ /Vf  *0CW“d  ^ hot  ^ or 

presence  of  potassic  salts  ■ nn<i  1 ' 1 > mstfiuble  m alcohol;  insoluble  in  the 

acetate,  atPS./wS  “£,£?” «”**•'»  "“M  Va.ol.ttio,,  „[ poto,“* 
COBALT  VERY  EFFECTUALLY  FACTION  SEPARATES  NICKEL  PROM 

On  igniting  a small  qnantity  oi  N.O.Nio",  a dirty  greyish 
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powder  of  NiO  is  left.  Ignite  next  N204Coo''  gently, ^and  a black 
residue  of  cobaltous  dicobaltic  tetroxide,  Co304  = | Co()Co°"  1S 
left.  On  treating  this  oxide  with  hydrochloric  acid,  chlorine  gas  is 
evolved,  according  to  the  equation : 

Co304  + 8HC1  = oCoCl2  + Ola  + 40H2. 

Both  nickel  and  cobalt  are  capable  of  forming  compounds  in 
which  the  metals  exist  in  a tetrad  condition,  viz., 

Ni203,  or  | ™0,  and  Co203,  or  j £00°  '>  C°^3- 

Nickelic  Cobaltic  Cobaltic 

oxide.  oxide.  sulphide. 

Ni,03  is,  however,  obtained  in  the  wet  way  only  by  the  action  of 
oxidizing  agents,  and  cannot  exist  at  a high  temperature. 

Co  .Oi  on  tbc  other  hand,  is  obtained  m the  dry  way,  or  on 
gentle  ignition  of  cobaltous  salts  containing  volatile  acids,  and  gives 
up  a portion  of  its  oxygen  only  on  strong  ignition 

The  same  tendency  to  form  a compound  m which  cobalt  exists 
as  a tetrad  element,  is  observed  on  exposing  the  freshly-precipitatec 
hydrate  to  the  air,  or  on  passing  chlorine  or  adding  bromine 

iodine  to  cobaltous  solutions.  . , „ nnT1 

Little  use  is,  however,  made  of  these  reactions  beyon  . ‘ 

version  of  CoCy2  into  Co2Cy„,  in  the  presence  of  potassie  cyanide, 
or  of  CoO  into  Co203  in  the  potassie  nitrite  reaction. 

QUESTIONS  AND  EXERCISES. 

1 Translate  into  graphic  formula,  the  constitutional  formula)  of  cobalt  pyrites, 

cobalt  vitriol,  cobalt  bloom,  cobaltic  cyanide. 

2 How  are  CoO  and  Co:iO,|  prepared? 

5 Explain  the  formation  of  a blue  glass  when  cobalt  compounds  are  heated  m a 
borax  bead,  or  a bead  of  microcosmic  salt. 

G.  How  would  you  prepare  potassie  cobalticyanic  e . 

MANGANESE,  Mn", iv,  and  -'.-Occurs  in  mture  mainly m 

+1  cfn to  of  Oxides  of  which  the  mineral  pjrolusite,  Mn  (J2,  is  1 1 • 
the  state  of  UXIDES  01  w gmall  qimntities  in  many  iron  ores, 

most  important.  It  is  1 cates  • the  MnO  replacing  the 

and  is  a frequent  eonstatnent^f  siuoi  - withont  ^ tlle 

exists  both  in  the  dyad 

ami  tetrad  condition  in  manganous » Immle, 

AHHWKOes  Ox, bus  knotvn , hesrta  iu, 

Who"  »>>,  ear- 

{ MnOHo’  Pstlomelme>  MnOHoMuo  ’ ’ Mnllo, 
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f 'Mn"'01  MnHoo 

vicite,  < Muo''  (OMnivHo2V',  cojpper  mangan,  O Cao".  Manga- 
['Mn"'OJ  ' MnHo2 

nese  is  found  in  combination  with  SULPHUR,  in  manganese  blende, 
MnS;  with  carbonic  acid,  in  diallogite,  COMno";  with  silica,  in  red 
manganese  or  mangan  hiesel  ( rhodonite ),  SiOMno'',  and  in  lephroite, 
SiMno''2;  with  phosphoric  acid,  as  triplite,  P2OMno"2Feo"2. 

EXAMINATION  IN  THE  DRY  WAY. 

The  presence  of  manganese  is  readily  detected  in  minerals  which 
contain  no  other  oxides  capable  of  colouring  fluxes,  as  they  dissolve 
when  heated  in  the  outer  flame,  in  the  borax  bead,  or  in  a bead  of 
microcosmic  salt,  to  a clear  violet-red  pearl  which  becomes  of  a fine 
amethyst  colour  on  cooling.  The  bead  becomes  colourless  when 
heated  in  the  reducing  flame.  If  other  metallic  oxides  are  present, 
it  is  preferable  to  mix  a small  trace  of  the  finely  powdered  man- 
ganese compound  with  two  or  three  times  its  weight  of  sodic  carbo- 
nate (a  little  nitre  may  likewise  be  added),  and  to  fuse  on  platinum 
foil  (a  small  platinum  spoon  or  the  lid  of  a platinum  crucible)  in 
the  oxidising  flame,  when  a bluish  green  mass  is  left  after  cooling, 
consisting  of  sonic  manganate,  MnO,Nao2.  The  mass  at  the  same 
time  loses  its  transparency.  This  forms  the  most  characteristic 
reaction  for  Manganese.  Manganous  and  manganic  oxides  are 
converted  into  a higher  oxide,  Mn^Oa,  in  which  Mn  exists  as  a 
hexad. 

examination  in  the  wet  way. 

All  the  higher  oxides  of  manganese,  when  heated  with  hydro- 
chloric acid,  evolve  chlorine,  and  are  converted  into  manganous 
chloride.  The  chlorine  so  evolved  becomes  the  measure  of  the 
amount  of  Mn02  present  in  a manganese  ore. 

We  employ  a solution  of  manganous  chloride,  MnCl2  (free 
from  Fe). 

SAm2  (group-reagent)  gives  a flesh-coloured  precipitate  of  man- 
ganous sulphide,  MnS,  readily  soluble  in  dilute  acids,  even  acetic 
acid.  Hence  the  presence  of  free  acetic  acid  prevents  the  precipita- 
tion of  manganese  (method  of  distinguishing  Co  and  Ni  from  Mn). 
The  manganese  may  be  separated  by  repeating  once  or  twice  the 
precipitation  of  cobalt  and  nickel  in  the  presence  of  acetic  acid. 

SH2  does  not  precipitate  a neutral  solution  of  a manganous  salt ; the  acetate 
even  is  precipitated  very  slowly  and  imperfectly,  and  not  at  all  when  free  acetic 
acid  is  present. 

FHo  or  NaHo  gives  a white  precipitate  of  manganous  hydrate, 
MnfIo2,  insoluble  in  excess.  The  precipitate  absorbs  speedily 
oxygen  from  the  air,  and  turns  dark  brown  with  formation  of 
/ MnOHo 

1 MnOHo’  vviien  ^ no  longer  dissolves  completely  in  amnionic 
chloride. 

AmHo  precipitates  a white  hydrate  from  neutral  solutions  ; in- 
soluble in  excess,  or  in  ammonic  carbonate. 
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PEROXIDES  OF  MANGANESE. 


No  precipitate  is  produced  in  solutions  containing  amnionic 
chloride.  On  exposing  an  ammoniacal  solution  of.  the  soluble 
double  chloride,  2AmCl,3VIllCl2,  to  the  action  of  the  air,  the  whole 
of  the  manganese  is  gradually  precipitated  as  dark  brown  rtiman- 

ganlc  dioxydibydrate,  { ^nOHo'  ™S  reaction  is  characteristic  for 

manganese  compounds. 

AmHo  conveys  in  this  change  oxygen  to  the  manganous  salt  m a manner 
similar  to  the  action  it  has  upon  cobaltous  salts,  or  upon  metallic  copper,  m the 

presence  of  oxygen  or  air.  , , , . , . , 

Owing  to  this  tendency  of  manganous  salts  to  become  oxidized  and  precipi- 
tated in  the  presence  of  AmHo,  it  is  all  but  impossible  to  separate  manganous 
from  ferric  salts  by  means  of  AmCl  and  AmHo.  The  reddish  brown  feme 

hydrate,  which  is  precipitated,  invariably  carries  down  more  or  less  p M“0H°  > 
and.  small  quantities  of  manganese  cannot , therefore,  be  separated  from  iron  by 
precipitation  with  A.mCl  and  A.mIIo. 

CONao2  or  COKo2  precipitates  white  manganous  carbonate, 
COMno"  insoluble  in  excess  of  the  reagent,  but  pretty  readily 
soluble  in  ammonic  chloride.  This  precipitate  absorbs  likewise 
oxvcen  from  the  air,  and  turns  to  a dirty  brownish  white,  colour, 
owing1  to  the  formation  of  dimanganic  dioxydihydrate.  On  ignition 
with  free  access  of  air,  the  white  carbonate  turns  first  black,  and 
changes  subsequently  to  brown  trlmanganic  tctroxldc,  Mn3U4.  All 
manganese  oxides  are  obtained  upon  ignition  m am  m the  form  of 

Mn304.  , . . . 

ICCv  gives  a whitish  precipitate  of  manganous  cyanide,  MnCy2,  soluble  m 
excess  to  a brown  solution,  which  is  not  precipitated  by  SAm3. 

We  have  lust  seen  how  readily  manganous  compounds  are  converted,  more  or 
less  completely,  into  higher  oxides,  in  which  manganese  acts  the  part  of  a tetrad 
element.  In  the  brown  hydrated  dioxide,  obtained  when  a manganous  salt 
digested  with  sodic  hypochlorite,  according  to  tho  equation : 

MnClo  + CINao  + 20H2  = Mn>'OHo2  + NaCl  + 2HC1, 

, ovist g likewise  as  a tetrad  element.  By  fusion  in  the  dry  way 

the  manganese  t 1 together  with  nitre,  the  manganous  or  manganic 

ro^oun^s^^conver^d^to  an  alkaline  manganate,  in  which  the  metal  man- 
compounds  are  hexad  element.  Manganic  acid  itself  has  never  been 

ganese  acts  the  P however,  in  combination  with  a few  of  the  stronger 

metallic  bases,  forming  manganates,  of  which  the  alkaline  manganates  only  dis- 

solve  in  watei  to  decomposed  in  aqueous  solutions.  On  gent ly  heating 

Manganates  arerenaujate  free  aecegs  of  air,  the  green  colour  changes 

to  red,  owing  to  the  formation  of  potassic  permanganate,  Mn,O0,Ko2  _ 

'MnvO‘>(OKo)  with  separation  of  hydrated  dioxide,  thus: 

'TVrn'  O.dOKol  ’ 


{ 


'Mnv02(OKo)  ’ 

3Mn02Ko2  + 30II2  = Mir06l(o2  + MnOHo2  + IK  Ho. 


. Permanganic  acid  h»  = 

from  an  ollalme  solution  in  beautiful  la*' 

crystals  of  deep  violet  lustre. 
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The  change  is  accelerated  by  adding  a few  drops  of  a dilate  mineral  acid  (e.ff., 
nitric,  hydrochloric,  or  sulphuric  acid),  which  combines  with  the  liberated  alkali. 
This  reaction  is  extremely  delicate. 

The  metal  manganese  seems  to  act  here  the  part  of  a pseudo-octad  element ; 
and  it  may  readily  be  inferred  that  the  different  oxygen  atoms  perform  different 
functions  in  such  a highly  oxygenised  compound,  and  that  the  metal  manganese 
will  part  with  some  more  readily  than  with  others. 

Manganic  dioxide,  as  well  as  other  native  peroxides,  already  enumerated, 
also  the  alkaline  manganates  and  permanganates,  act  as  powerful  oxidizers, 
differing  merely  in  the  intensity  of  their  oxidizing  action. 

_ Manganic  dioxide  gives  off  oxygen  on  the  addition  of  concentrated  sulphuric 
acid,  and  forms  normal  manganous  sulphate  : — 

(Atomic  equation)  Mn02  + S02Ho2  = O + S02Mno"  + OIL,. 

Sulphuric  acid  added  to  sodic  manganate,  gives  off  a molecule  of  oxygen,  and 
forms  manganous  and  sodic  sulphates,  thus  : — 


MnOoNaoa  + 2S02Ho2  = 02  + S02Mno"  + S02Nao2  + 20H2. 

Sulphuric  acid  added  to  a solution  of  potassic  permanganate,  liberates  five 
atoms  of  oxygen,  and  leaves  manganous  and  potassic  sulphates  in  the  solution 
thus  : — ’ 


(Atomic  equation)  { ^(OKo)  + 3SO*Ho*  = 
+ S02Eo2  + 30H2. 


+ 2S02Mno" 


Hydrochloric  acid  acts  likewise  upon  the  higher  oxides  of  manganese  with 
evolution  of  chlorine  and  formation  of  metallic  chlorides  and  water.  The  per- 
oxides of  manganese,  especially  the  black  oxide,  constitute  the  principal  substances 
together  with  hydrochloric  acid,  for  evolving  chlorine  in  the  laboratory  and  on  a 
manufacturing  scale.  J 

We  know  of  no  other  mineral  oxidizing  agent  capable  of  yielding  from  one 
molecular  group  of  elements  five  atoms  of  oxygen ; and  there  are  but  few  elementarv 
substances  which  resist  the  oxidizing  action  of  potassic  permanganate.  Hydrogen 
freshly-ignited .carbon,  phosphorus,  iodine,  sulphuretted  hydrogen,  carbonic  disul- 
phide, are  oxidised  more  or  less  rapidly.  Metals,  such  as  zinc  and  iron,  become 
oxidized  after  a few  days  ; lead,  copper,  mercury  and  silver  after  some  time. 
Many  lower  oxides,  chlorides,  etc.,  are  converted  into  higher  oxides,  etc.,  especially 
in  the  presence  of  a free  acid  (hydrochloric  or  sulphuric  acid).  ^ ^ 

„,>rArSem!3U3  .fc.ld  Is  converted  into  arsenic  acid,  sulphurous  into  sulphuric 
nitrous  into  nitric,  phosphorous  into  phosphoric  acid.  Oxalic  acid  is  oxidised 
mto  carbonic  anhydride  and  water.  Lower,  or  -ous  chlorides,  sulphates,  etc.  are 
converted  mto  the  higher  or  -ic  salts,  e.g.,  ferrous,  stannous,  antimonious,  cuprous 
and  mercurous  chlorides  are  oxidized  (“  chlorinized  ”)  in  the  presence  of  free 
hydrochloric  acid  into  feme,  stannic,  antimonic,  cupric,  and  mercuric  chlorides  • 

Fp0rronsnganeSe  P°^881"m  of  t!ie  permanganate  are  left  in  solution  as  chlorides’ 

rerrous,  cuprous,  and  other  sulphates  are  converted  in  the  presence  of  free 
sulphuric  or  hydrochloric  acid  into  ferric  or  cupric  sulphates. 

i otassic  permanganate  oxidizes  also  many  organic  bodies,  such  as  sugar  gum 
cellulose  (in  paper,  cotton  , uric  acid,  etc.  The  reaction  in  all  these  casfs  i indi’ 
mani/rhrf  Of!C°l0mV  °n  addin-  stance,  the  purple  clTred  per! 

de^t?ovedirw°n  a 1UV011  8LdP!lur°u«  acid> the  c°l°ur  is  instantaneously 
oestroyed  as  long  as  any  sulphurous  acid  is  left.  Permanganate  becomes  there- 

CM.,!9.™""'  f0r  "1.  “<1  “ Uk.  nnmn.r  for  other  "Z  oSS, 

•ulDhSS'S  °”e  *lom  of  oxygon  in  order  to  be  converted  into 
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Two  molecules  of  ferrous  sulphate  combine  with  oue  atom  of  oxygen  and  one 
molecule  of  sulphuric  acid,  to  form  one  molecule  of  ferric  sulphate,  thus  : — 

2S02Feo"  + O + SO,Ho2  = S306T'e3o''i  + OH2. 

Hence  one  molecule  of  dipotassic  permanganate  oxidizes  ten  molecules  of 
SO.Feo",  ten  molecules  of  FeO,  or  ten  atoms  of  Fe  ; and  316  parts  by  weight 
of  Mn206Ko2  become  the  measure  for 

10  x 152  parts  by  weight  of  SOoFeo" 

or  10  x 72  ,, 

or  10  x 56  »>  -F0- 


QUESTIONS  AND  EXERCISES. 

Which  arc  the  most  important  manganese  ores  ? 

Which  manganese  ores  can  be  employed  for  generating  chlorn 
Sain tlm  action  of  concentrated  S02Ho3  upon  Mn02,  MnO.Nao,  and 

T braunite,  Kausmmnite , manganite,  psilomelane,  wad,  varvmte,  and 
Describe  the  most  characteristic  blowpipe  reactions  for  manganese  compoimds. 

F^la^the  action  of  AmHo  upon  cobaltous  and  manganous  salts,  1st  in  the 
J’msence  of  amnionic  chloride  ; 2nd,  in  the  absence  of  ammomc  salts  ; and 

Unt  separated  with  difficulty  from  Fe-  by  means  of  AmCl  and 

.die  «»w» 

BySSTr  «"»• °f  M“»°‘  ■' “ > wl“‘  “ 11,0  per' 

“P“  ncl'  SH>  s0=' 

j COIIo  Cu  Cls  Fe0i„  Sn012  ? Express  the  changes  by  equations. 

iron  the  solution  contained.  dissolved  in  hydrochloric  acid, 

•45“  °r 

carbonate  ; 2nd,  of  metallio  l^n^on^ame  m Qf  wag  treated 

volS  clfbfevorvedVom  WO  ^ 

vTKtr  7n"  —Occurs  in  nature  chiefly  as  SULPHIDE,  or  zinc  blende , 
ZnS°r  oVoHW,,  o.  .alanine,  OOZ»» ■ ^ « 


1. 

2. 

3. 


5. 

G. 

7. 

8. 

9. 

10. 

11. 


12. 

13. 

14. 


15. 

16. 


17. 

18. 


19. 

20. 
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silicate,  or  zinc  glance,  electric  calamine,  SiZno"2,OH2,  Willemite, 
SiZno"2# ; also  as  oxide,  in  red  zinc  ore,  ZnO. 

REACTIONS  IN  THE  DRY  WAY. 

The  most  characteristic  blowpipe  reaction  for  zinc  consists  in  the 
white  incrnstation  of  zincic  oxide  which,  its  compounds  yield  when 
heated  on  charcoal  in  the  reducing  flame  with  sodic  carbonate.  The 
zinc  compound  is  reduced  to  the  metallic  state,  and  the  metal  being 
volatile,  burns  on  passing  through  the  outer  flame,  with  a bluish 
green  flame,  and  is  converted  into  oxide,  which  covers  the  charcoal 
with  an  incrustation,  yellow  when  hot,  white  when  cold,  and  which 
assumes  a flue  green  colour  when  treated  with  a solution  of  cobaltous 
nitrate,  and  on  being  once  more  strongly  heated  in  the  outer  flame. 
The  incrustation  is  not  driven  away  in  the  oxidising  flame, — zincic 
oxide  being  non-volatile. 

Zinc  compounds  give  with  borax  or  microcosmic  salt  in  both  flames  a bead, 
which  is  yellowish  while  hot,  and  white  on  cooling ; opaque  if  much  zinc  salt  be 
present.  This  applies,  however,  only  to  pure  zinc  compounds,  and  the  detection 
of  zinc  in  poor  ores  containing  other  readily  oxidizable  metals  (such  as  Pb,  Cd, 
As,  Sb,  which  give  likewise  incrustations),  is  a matter  of  great  uncertainty. 

Zincic  sulphide  ( zinc  blende),  when  roasted  in  a tube  of  hard  glass,  loses  part 
of  its  sulphur  in  the  form  of  sulphurous  anhydride,  and  leaves  some  zincic  sulphate, 
S02Zno"  {white  vitriol),  which  may  be  extracted  with  water. 

Calamine  leaves  on  ignition  zincic  oxide. 

REACTIONS  IN  THE  WET  WAY. 

We  employ  a solution  of  Zincic  Chloride,  ZnCl2,  or  op  Zincic 
Sulphate,  S02Zno",  = S02(02Zn)". 

SAma  (group. reagent)  gives  a white  precipitate  of  zincic 
sulphide,  ZnS,  insoluble  in  excess.  From  dilute  solutions  the  pre- 
cipitate separates  only  after  some  time,  more  speedily  in  the  presence 
of  ammonic  chloride.  It  is  readily  decomposed  by  dilute  hydro- 
chloric and  sulphuric  acids,  with  evolution  of  sulphuretted  hydrogen  5 
also  by  nitric  acid,  but  is  insoluble  in  acetic  acid. 

SH2  precipitates  zinc  imperfectly  from  neutral  solutions  of  zincic 
salts  with  mineral  acids  ; but  from  an  acetate  or  a solution  of  a zincic 
salt  mixed  with  an  alkaline  acetate,  the  whole  of  the  metal  is  pre- 
cipitated by  sulphuretted  hydrogen  as  zincic  sulphide,  even  in  the 
presence  of  much  acetic  acid  (method  op  separation  op  Zn  prom 
Mn).  Free  organic  acids  prevent  the  precipitation. 

KHo  or  NaHo  precipitates  the  white  hydrate,  ZnHo2,  readily 
soluble  in  excess,  and  in  AmHo,  reprecipitated  almost  entirely  on 
diluting  with  water  and  on  boiling,  soluble  also  in  ammonic  chloride. 
Sulphuretted  hydrogen  precipitates  the  whole  of  the  zinc  from  these 
solutions.  Free  organic  acids  prevent  the  complete  precipitation. 
In  the  presence  of  the  hydrates  of  manganese,  nickel  and  cobalt,  KHo 
0I*  ^oes  n°t  dissolve  out  the  whole  of  the  zincic  hydrate. 

COI\ao2  or  COKo2  produces  a white  precipitate  of  basic  car- 
bonate, consisting  of  two  molecules  of  zincic  carbonate  and  three 
molecules  of  zincic  hydrate,  according  to  the  equation : — 

* Naum  arm’s  Elements  of  Mineralogy. 


32 


IRON. 


f CHo(OZn"Ho)2 

5S02Zno"  + 5CONao2  + 30H2  = < Zno"  + 5S02Nao2 


[CHo(OZn"Ho)2 
Dikydric  pentazincic 
dicarbonate  tetrakydrate. 


+ 3C02. 


A large  excess  of  amnionic  salts  prevents  the  precipitation. 

This  carbonate  leaves  on  ignition  ZnO,  also  known  under  the  name  of  zinc 

Wh' OOAtno,  produces  the  m 

not '^irecipitated^iy6 sl^^b^completely precipitated  by  SK2  asZnS  (Method 
for  the  separation  of  Zn  from  0-  ifc.  mefcals  from  their  solutions,  viz,,  As, 

sb,l”  cTc»!  3d' 

of' . 

v„,„»  d.rpo.»  oo,  s 

of  reciprocal  chemical  action. 

QUESTIONS  AND  EXERCISES. 

1 Explain  the  action  of  1IC1,  S02Ho2,  NOAIo,  and  KHo  upon  metallic  zinc. 

3.  DcreS'o"]™' bb«pil»  r'Lfiom  for  me  t Givc  graphic 

1 - 

5.  1-5  grm.  of  calamine  yiolded  87b  gim.  > 

5;  zinc? 

9.  How  'Ln  Separated from  Nmmd  Co  ? ^ ^ ^ Qu  (braas)  ? 

\i  2»d’from c<" 

Give  the  composition  of  the  ciystall  hvdrochloric  acid,  water,  and 

12.  You  haw  B‘W"  ‘“  jo„'“coM  prepare  from  there  material,  rh.oio 

change,  by  agnation.. 


tt?  n-NT  He"  iv  and *—  One  of  the  few  metallic  elements  winch 
IRON,  f e ! i nature  mostly  in  the  combined  state.  It 

occurs  very  abnndan  y g especially  those  iron  ores  which  con- 

Sn  the*  metahin  'sufficient  ^nth^and  £££**£ 

*•  ,-nl  metallurgical  pro- 

cesses.  The  most  important  iron  oics  a . 
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1st.  Ores  containing  Ferrous  Oxide  : — spathic  or  sparry  iron 
ore,  COFeo",  ( sphaerosiderite ) containing  varying  quantities  of 
COMno",  COMgo",  and  COCao" ; black  band  or  carbonaceous 
iron  ore,  a sphaerosiderite  containing  from  20  to  25  per  cent,  of 
bituminous  matter;  day  ironstone  (likewise  a siderite)  is,  as  its 
name  indicates,  associated  with  clayey  matter.  It  is  from  these 
two  ores  that  the  greater  part  of  the  iron  manufactured  in  this 
country  is  derived.  They  occur  in  immediate  proximity  to  the  coal 
measures  and  limestone  beds — the  fuel  and  flux  necessary  for  their 
reduction  to  the  metallic  state. 

2nd.  Ores  containing  Ferrous  and  Ferric  Oxides  : viz., 

magnetic  iron  ore,  Fe304  = j j^Q^eo''  (ferrous  diferric  tetroxide). 

3rd.  Ores  containing  Ferric  Oxide  only  : viz.,  red  haematite 
( micaceous  iron,  oligist,  specular  iron  or  iron  glance ),  'Fe'"203  = 

f FeO 

I FeO^  (fer™  oxide).  This  oxide  forms  different  hydrates  which, 

according  to  the  amount  of  water  which  they  contain,  have  received 

f FeOHo 

different  names,  viz.,  turgiie,  2Fe203,OH2  = 1 FeO*^  (tetraferric 

{ FeOHo 

pentoxy-dihydrate)  ; needle  iron  ore,  brown  iron  ore,  or  pyrrhosiderite, 

Fe,03,OH2  = | peOHo  (^ei™  dioxy-dihydrate)  ; limonite  or 

(FeOHo 

FeHo2 

compact  brown  iron  ore,  brown  haematite,  2Fe203,3OH2  =\0 

I FeHoo 

v FeOHo 

(tetraferric  trioxy-hexahydrate)  ; (varieties:  oolitic  iron  ore,  pea 
ore ) ; yellow  iron  ore  or  xanthosiderite,  Fe203,2OH2  = ^e^°20 

/TO  • F6XIO2 

(diferric  oxy-tetrahydrate). 

A few  other  iron  ores  deserve  our  attention.  They  are  not 
used  for  the  extraction  of  iron,  but  are  valuable  as  a cheap  source 
of  sulphur,  viz.,  iron  pyrites,  martial  pxjrites,  or  mundic,  FeSa, 
found  abundantly  in  nature ; Fe2S3  (diferric  trisulphide)  ; copper 

pxjrites,  Fe2S3,Cu2S=  j peyCu2s",  an(l  magnetic  pyrites,  5FeS,Fe2S3 

= Fe^s,  which  may  be  expressed  graphically,  thus:  — 


„ /svSxv/B\/sx/svB\ 

S=Fe  Fe  Fe  Fe  Fe  Fe  Fe=S 


arsenic 


(Pentaferrous  diferric  octasulphide). 

Besides  these  ores,  iron  is  found  in  nature  in  combination  with 

rn  Aq'  LU 

and  sulphur,  m mispickel  { „Ag,Fe,Fe*S, ; with  chromium 
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SiO  il 


»iu  il 

as  chromeironore  { !^"''0FeO";  with  silica as ehloropal, SiO =^0* 

30 Ho  and  many  other  silicates;  as  sulphate,  in  green  copperas* 
or  green  vitriol,  SOHo2Feo'',60H2 ; as  phosphate  in  mviamtef 
P.i0>Feo''3,8OH2  (triferrous  phosphate) , and  others ; as  arseniat  , 
in  scorodite,  As202F62ovl,40H2,  and  otlieis. 

REACTIONS  IN  THE  DRY  WAY. 

On  heating  the  different  iron  compounds  on  charcoal  before  the 
blowpipe,  they  turn  black  and  become  magnetic;  when  heated  m 
the  outer  flame,  on  a borax  bead,  iron  compounds  impart  a rtaru  ret 
colour  to  the  borax,  whilst  hot,  becoming  light  yellow,  when  cold. 

In  the  reducing  flame  they  give  an  olive  green  to  bottle  green  bea  . 

Tho  veactionB  0f!hTi™  bead^  Fenlc  sHphK 

to  being  introduced  into  ^^xbead. 
When  heated  with  CONao2  on  charcoal,  m the  reducing  flame,  meta 
obtained  as  a magnotic  powder. 

reactions  in  the  wet  way. 

Iron  forms  two  series  of  salts,  vis 
Tt  dissolves  readily  in  dilute  acids,  such  as  HC1,  S02Ho2,  forming 

Lm.r  s“ts?Pe01,,  SO.Feo",  with  evolution  of  hydrogen.  Cold 
dilute  nitric  acid  dissolves  finely  divided  iron  (iron  tilings)  wi 
ovolvin"  hydrogen  gas,  the  nitric  acid  being  decomposed,  so  as  to 
ferrous  Sitrai  and  a small  amount  of  ammomc  nitrate, 

thus  : — T„ 

4Fc  + lONO.Ho  = 4 { N07eo"  + N02Amo  + 30H2. 

rPhe  metal  iron  exists  in  all  these  salts  in  the  dyad  condition,  but 
THflts  a marked  tendency  to  pass  into  the  tetrad  condition, 
cd  to  the  air  FeCk  and  SO,Feo"  absorb  oxygen  and  are  gra- 
dmdly  converted  into  feme  salts.  The  same  change  is  produced  by 

KO  CHn  tl^SeLTJ'HCl,  AucC  HgCl2’, 

Mnfo6Ko2,  Cr02Ko2,  and  others.  We  possess  therefore  m ferrous 

compounds  powerful  reducing  agents. 

The  tetrad  condition  appear,  to  be  the  — “ 
iron.  Tim  u rendered  evident,  mor  ^^*7^  ^ rfewed  „ u„,atM.d bodic., 
pounds  winch  exist  m natrn  . i • (iiel,  bodies,  directly  or  indirectly, 

which,  under  favourable  conditions,  I Fe"  (called  ferrosum)  has 

of  oxygen,  to  form  ferric  compounds.  .Dyad  non,  fche 

two  bonds  iatent  whicli  it  is  . which  condition  it  occurs  m nature 

more  stable  tetrad  iron,  F ( J without  forming  any  corresponding 

in  combination  with  .ulpbur  only  » m invariably 

oxygen,  chlorine,  etc., . compounds  tc  whereby  iron  becomes  a pseudo- 

StiSr  S ^dbifl^mb^  artificial  ,nc,„„  three  atom,  oi 

“YT^ntah,,  .1.0  ferric  pho^toUWetO-'.SOn.,  to  which  “lo” 

of  the  mineral  is  due. 
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oxygen  with  one  atom  of  iron,  so  as  to  form  ferrates,  as  in  potassic  ferrate, 
Fe02Ko>,  in  which  compound  the  iron  exists  as  a hexad  element. 

These  different  combining  conditions  of  the  metal  iron  may  bo 
represented  graphically,  thus  : — 

\/ 

Dyad  iron  — Fe — , e.g.,  in  FeCl2,  FeO,  FeS. 

/\ 

I / . II 

Tetrad  iron  — Fe — , or  pseudo-triad  iron,  — Fe — Fe— , e.g.,  in 

/I  II' 

~lvQ  /'Fe"'01,  f 'Fe'"SCJ  /'Fe'"On  , , ,, 

Fe  o2,  ^ 5 ] ,Fef,,S^J  I ,Fef,,0^J  ttnd  lastly  as 

\/  . 

Hexad  iron  — Fe — , or  =Fe=,  e.g.,  in  Fevl02Ko2. 

II 


A.  Ferrous  compounds. — We  employ  A SOLUTION  OF  FERROUS 

sulphate,  S02Feo",  = S02(02Fe)". 

SAm2  (group-reagent)  gives  a blade  precipitate  of  ferrous 
sulphide,  FeS,  insoluble  in  alkalies  and  alkaline  sulphides,  decom- 
posed by  dilute  hydrochloric  acid  with  evolution  of  sulphuretted 
hydrogen.  The  moist  precipitate  absorbs  oxygen  from  the  air,  and 
is  rapidly  converted  into  ferrous  sulphate,  and  lastly  into  yellow 
basic  ferric  sulphate,  with  evolution  of  much  heat.  (This  oxidation 
constitutes  a frequent  cause  of  the  spontaneous  inflammation  of 
pyritical  coal  (which  contains  Fe,S8)  on  board  vessels.) 

SH;  does  not  precipitate  neutral  or  acid  solutions  of  ferrous  salts ; ferrous 
acetate  even  is  only  partially  precipitated. 

KHo,  Hallo,  or  AmHo  precipitates  from  ferrous  salts  (free  from 
ferric  salts)  white  ferrous  hydrate,  FeHo2,  which  turns  rapidly  to  a 
dirty  green  colour,  and  ultimately  becomes  reddish  brown,  owing  to 
absorption  of  oxygen  from  the  atmosphere.  Ammonic  salts  par- 
tially prevent  the  precipitation  by  the  fixed  alkalies,  and  AmHo 
gives  but  a slight  precipitate  in  a ferrous  solution,  containing  a 
sufficient  amount  of  AmCl.  The  presence  of  non-volatile  organic 
acids,  of  sugar,  etc.,  also  prevent  the  precipitation  more  or  less. 

COjSTao2,  COKo2,  or  COAmo2  precipitates  white  ferrous  carbonate, 
COFeo",  which  becomes  rapidly  oxidized  when  exposed  to  ah. 

K(FeCy6  (potassic  ferrocyanlde)  produces,  by  the  replacement  of 
K2  by  Fe'',  a bluish-white  precipitate  of  dipotassic  ferrous  ferro- 
cyanlde, K2Fe''FeCyG,  thus : — 

S02Feo"  + KJFeCyc  = K2Fe''FeCy6  + S02Ko2. 

Bluish-white 

precipitate. 

insoluble  in  hydrochloric  acid.  The  light  blue  precipitate  is  rapid! y 
converted  into  a dark  blue  precipitate,  or  Prussian  blue,  either  by 

exposure  to  the  air,  or  more  speedily  by  an  oxidizing  agent,  thus : - 

d 2 
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4K2Fe"FeCy6  + 2C12  = 3FeCy2,2Fe2CyG  + 4KC1  + K4FeCy6. 

Prussian  blue. 

K6Fe2Cyi2  (potassic  ferricyanide)  produces  a dcirlc  blue  precipitate 
of  triferrous  diferric  dodecacyanlde,  Fe,,3'Fe,"aOyi2  (Turnbull’s  blue), 
insoluble  in  liydrocliloric  acid,  tbus  : 

3S02Feo"  + K6Fe2Cy12  = Fe"3'Fe"'20y12  + 3S02Ko2. 

Tmubull’s  blue. 


Nallo  or  KHo  decomposes  both  precipitates  with  formation  of 
soluble  alkaline  ferro-  and  ferricyanides,  and  separation  of  ferrous 
and  ferric  hydrates,  thus  : — 

m KoFe''FeCy0  + 2KHo  = K4FeCy8  + FeHo2. 

(2)  3FeCy2,2Fe2Cy0  + 12NaHo  = 3Na,FeCy0  + 

(3)  Fe"3'Fe"'2Cyi2  + 8NaHo  = 2Na4FeCyo  + Fe304  + 4OH2 

These  precipitates  cannot  form,  therefore,  in  an  alkaline  solution. 
CyKs  (potassic  sulphocyanate)  gives  no  indication,  if  the  ferrous 
contains  no  ferric  salt. 

B.  Ferric  compounds  — We  employ  a solution  op  Ferric  Ciilo- 

'Fe'"Cl3‘ 

SAm2  (ffroup.rcagent)  produces  a blade  pre< cipitate ' of^ciroiw 
sulphide,  FeS,  mixed  with  sulphur,  thus:— Fe2C  „ +3SAm2  - 2FeS 
+ S + GAmCl.  Dilute  solutions  of  iron  give  only  a greenish  coloia- 

1 1O'0n  dissolving  the  black  precipitate  in  dilute  hydrochloric  acid, 
sulphuretted  hydrogen  is  evolved,  and  white  insoluble  sulphur  is 
left  (Distinction  between  ferrous  and  ferric  salts.)  Sulphur 
is  not  capable  of  forming  a ferric  sulphide  in  the  wot  way ; native 
sulphides  exist,  however,  viz.,  FeS2  and  Fe2S3,  which  are  msolublo 
in  dilute  hydrochloric  acid,  but  dissolve  with  evolution  of  SID 

ao-ent  upon  the  ferric  salt,  converting  it  into  2Fe0l2and2HU,  w 
sulphu/being  precipitated,  which  renders  the  solution  of  the  ferrous 

8alLKHo,yNaHo,  or  AmHn  precipitates  the  reddish  brown  ferric 

, . TTe  O 90H,  — I ,Se!"rS°20,  or  diferric  oxytctraliydrate, 

hydrate,  r e2U3/um2  — s 'Fe  Ho2  ’ 

- - -<> 

a,kaCOTao,  COKo,,  and  COAmo,  produce  the  same  precipitate 

prodrts  P s1 to* 

KMle  flocculdt.gcUti,Um  precipitate  of  ferric  • 
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+ 4Aq.  The  precipitation  is  complete  only  in  the  presence  of  sotlic 
or  amnionic  acetate,  thus  : — 


Fe2Cl6  + 2POHoNao2  + 2 j cONao  = + 6NaC1 


+ 2 


jch3 

1 COHo- 


On  the  addition  of  the  first  few  drops  of  hydric  disodic  phosphate, 
and  as  long  as  the  ferric  salt  is  largely  in  excess,  the  precipitate  may 
disappear  again,  especially  on  gently  warming,  since  it  is  somewhat 
soluble  in  ferric  acetate.  When  the  precipitation  is  nearly  complete, 
the  ferric  phosphate  separates  more  speedily,  especially  on  stirring 
and  gently  heating,  and  allowing  to  subside  after  each  addition  of 
the  phosphate  solution.  The  precipitated  ferric  phosphate  should 
be  filtered  hot,  and  washed  by  decantation  with  hot  water.  It  is 
soluble  in  dilute  mineral  acids — hence  the  addition  of  an  alkaline 
acetate ; insoluble,  however,  in  acetic  acid,  like  the  corresponding 
chromic  and  aluminic  phosphates. 

Phosphates  of  the  alkaline  earthy  metals  (Ba,  Sr,  Ca,  Mg),  which 
are  readily  soluble  in  acetic  acid,  may  thus  be  separated  by  filtration 
from  the  phosphates  of  Feiv,  Aliv,  and  Criv.  Owing  to  this  pro- 
perty of  ferric  phosphate,  it  is  also  possible  to  decompose  alkaline 
earthy  phosphates,  in  a sodic  acetate  and  acetic  acid  solution,  by 
adding,  drop  by  drop,  a neutral  solution  of  ferric  chloride,  according 
to  the  equation : — 

2POHoBao"  + 2 { + Fe2Cl6  = P202Fe2o« 

+ 2BaCl2  + 2NaCI  + 3 j coHo’ 


as  long  as  a yellowish  white  precipitate  comes  down,  and  till  the 
supernatant  liquid  becomes  just  red,  from  the  formation  of  ferric 
acetate. 

Ferric  phosphate  dissolves  in  excess  of  hydric  disodic  phosphate, 
in  the  presence  of  ammonic  hydrate  or  carbonate,  to  a brownish-red 
solution.  It  is  somewhat  soluble  in  ferric,  but  not  in  ferrous  acetate. 
Alkalies  decompose  it  with  difficulty  only.  Ammonic  hydrate  reduces 
it  to  a basic  phosphate  (PJ,O(Fe2O0)viFe2ovl2  + 16  aq.).  Potassic  or 
sodic  hydrate  removes  nearly  the  whole  of  the  acid.  Fusion  with 
caustic  fixed  alkalies,  or  with  fusion-mixture,  or  boiling  with  ammonic 
sulphide,  decomposes  ferric  phosphate  completely,  leaving  the  iron 
as  oxide  or  sulphide,  from  which  the  soluble  alkaline  phosphate  can 
be  separated  readily  by  filtration. 

Citric  or  tartaric  acid  prevents  the  precipitation  of  ferric  phos- 
phate. 

KiFeCy6  gives  a fine  blue  precipitate,  3FeCy2,2Fe2CyG,  known  as 
Prussian  blue,  thus 2Fe,Cl0  + 3K4FeCy0  = 3FeCy2,2Fe2Cy6  + 
12KCI.  Insoluble  in  hydrochloric  acid  ; decomposed  by  KHo  or 


as 
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NaHo  ; soluble  in  oxalic  acid  ; soluble  also  in  excess  of  Kjl'  eCys,  to 

a bine  solution.  • , ,, 

K6Fe,Cyi2  produces  no  precipitate,  but  tbe  yellow  colour  ot  tire 
ferric  solution  changes  to  reddish  brown . (Distinction  between 

FERROUS  AND  FERRIC  SALTS.)  , 

CyKs  (potassic  sulpl.ocyanate)  gives  a dark  red  or  blood  reel 
colour,  even  in  the  case  of  very  dilute  solutions,  which  is  not 
destroyed  by  hydrochloric  acid.  The  sensitiveness  of  the  reaction 
is  heightened  by  shaking  a hydrochloric  acid  solution  containing 
mere  traces  of  a ferric  salt  with  ether.  The  Uood  red  ferric  si.lpl.o- 
cyanate,  Cy0Fe2svl,  being  soluble  in  ether,  becomes  thus  concentrated 
into  a small  bulk  of  liquid.  The  colour  of  the  liquid  is  readily 
destroyed  by  a solution  of  mercuric  chloride  (also  by  tartaric  01 
phosphoric  acid).  (Distinction  of  Fe"  from  Fe*) 

This  confirmatory  tost  should  invariably  be  applied,  because  femc  aoetate, 
when  heated  in  presence  of  acetic  acid,  gives  likewise  a deep  red  coloration, 
which  bocomcs  lighter  coloured  on  cooling. 

Excess  of  s«.uc  acetate,  added  to  a solution  of  a ferric  salt,  pro- 
duces a deep  red-coloured  liquid,  owing  to  the  formation  of  fe 
acetate  On  diluting  and  boiling,  the  whole  of  the  non  is  picc 
nitatud  as  basic  fcrrle  acetate  in  tbe  form  of  Irawnwh  yellow  flakes, 
'which  should  be  filtered  hot  and  as  quickly  as  posi able,  as  * » 
the  fluid  has  become  clear.  (Method  roit  sepahatikc  l.  E ■) 

- rr  mss*  sssrjsi’ast  tjsas 

Or  SEPARATION  01J  Fe1v  PROM  Fe  , MN,  Nl,  C , •) 

Freshly  precipitated  and  well  washed  baric  or  calcic  carbonate 

srtk-sras  -aryat  “f He 

cipitatc  acquires  a whitish  appearance,  from  excess  of  the  alba 
0al' chiw^eparatos  in  like  manner  the  higher  or  -ic  chlorides  of 

of  Zn  Mu,  Ni,  and  Co,  thtTdation  of  the  ferrous, 

carefully  as  possible,  in  o P.  ^ ^ reactioD  should  be  per- 

manganous,  and  cS“°fi“XL-iy  to  tl.o  ueclt  with  the  liquid  and 
S weU  er  ft"  eviution  of  the  carbonic  anhydr.de 

. ».  fotmule  of  to  compound,  will  b.  otpl.iuod  under  the  r.,r.doe 
acids. 


ferrates 
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lias  ceased.  The  addition  of  ammonic  chloride,  previous  to  the 
precipitation  with  baric  carbonate,  almost  entirely  prevents  any 
cobaltous  and  nickelous  hydrates  from  falling  out  _ with,  the  baric 
carbonate  precipitate.  (Method  for  separating  Fe1v,  (also  Al  and 
Cr),  from  Fe",  Zn",  Mn”,  Ni'',  and  Co”.) 

The  precipitate  is  filtered  off  and  dissolved  m hydrochloric  acid  ; 
the  barium  is  removed  by  means  of  dilute  sulphuric  acid,  and  the 
iron,  etc.,  precipitated  by  AmHo. 

Tannic  as  well  as  gallic  acid  (tincture  of  nut-galls)  produces  from  neutral 
ferric  salts  a bluish  black  precipitate  (ink),  readily  soluble  in  acids. 

A very  delicate  reaction  for  Feiv  consists  in  adding  a few  drops  of  a solution 
of  potassic  ferricyanide  to  a dilute  solution  of  a ferric  salt,  and  next  a fow  drops 
of  a very  dilute  solution  of  stannous  chloride,  SnCl2.  A blue  precipitate  indi- 
cates the  presence  of  won,  thus  : — 

(1)  Fe2Clo  + Ii6Fe2Cy12  gives  no  precipitate,  but  merely  a dark  brown 

coloration. 

(2)  Fe2Cl6  + SnCl2  = 2FeCl3  + SnCl4. 

(3)  3FeCb  + K6Fe2Cyi2  = Fe"3Fe3CyJ2  + 6KC1. 

Turnbull's  blue. 

A ferric  salt  when  coming  in  contact  with  certain  bodies  (especially  bodies  con- 
taining some  latent  bonds)  which  possess  a stronger  affinity  for  oxygen,  chlorine, 
etc.,  than  the  ferric  compound,  acts  towards  such  bodies  as  an  oxidizing  agent. 
Thus  SivOHo2  is  converted  into  Svi02Ho2  ; K1  gives  off  iodine  ; Sn"012  is  con- 
verted into  SniyCl4 ; SSONao2  (sodic  hyposulphite)  is  oxidized  to  S02HoNao. 
Iron  or  zinc  readily  reduce  ferric  to  ferrous  salts. 

C.  Ferric  anhydride,  F ev  1 03,  or  feme  acid,  Fevi02Ho2,  containing  hexad 
iron,  has  never  been  obtained  in  an  uncombined  state.  The  alkali  salts  only  are 
known  and  are  obtained,  like  the  alkaline  manganates,  by  fusing  iron  filings  with 
nitre.  Ferrates  are  decomposed  far  more  readily  than  manganates. 

QUESTIONS  AND  EXERCISES. 

1.  Mention  compounds  illustrative  of  the  dyad,  tetrad,  and  hexad  nature  of 

iron. 

2.  Enumerate  some  of  the  most  important  iron  ores  used  for  the  extraction  of 

iron  in  this  country.  Give  constitutional  and  graphic  formulae. 

3.  Which  are  the  more  important  sulphides  of  iron  ? Give  constitutional  and 

graphic  formulae. 

4.  Give  the  graphic  formulae  of  chloropal,  chrome  iron  ore,  green  copperas,  and 

vivianite. 

5.  How  is  iron  detected  in  the  dry  way  ? 

6.  What  takes  place  when  won  is  dissolved  in  HC1,  in  S02Ho2,  or  in  dilute 

N02Ho  ? 

7.  Explain  the  change  which  takes  place  when  FeCl2  is  severally  acted  upon 

by  atmospheric  air,  by  chlorine,  K03C1  and  HC1,  N02Ho,  HgrCL, 
AuC13,  and  by  M:n206Ko2  and  HC1.  Express  the  changes  by  equa- 
tions. 

8.  Give  graphic  formulae  for  ferric  chloride,  ferric  hydrate,  ferrous  sulphide, 

dipotassic  ferrate. 

9.  Explain  the  action  of  SII2  and  SAm2  upon  ferric  salts,  1st,  in  acid  solutions  ; 

2nd,  in  neutral  or  alkaline  solutions. 

10.  How  does  K4FcCy6  and  KBFe2Cy]2  enable  us  to  distinguish  between  ferrous 

and  ferric  salts  ? 

11.  State  why  KGFe2Cy12,  in  the  presence  of  SnCl2,  produces  a blue  precipitate 

with  ferric  salts. 
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12.  Explain  the  action  of  CyKs  upon  ferrous  and  ferric  salts. 

13.  Explain  the  action,  1st  of  qq  jpy  2nd,  of  KHo,  3rd,  of  K^FeCyg  upon 

Prussian  blue. 

14.  What  change  is  produced  when  Fe3Cl6  is  brought  together,  1st,  with  S02, 

2nd,  with  SnCl2  P 

15.  Explain  the  action  of  metallic  iron  or  metallic  zinc  upon  S306Ee2ovi. 

16.  How  would  you  prepare  dipotassic  ferrate  P Explain  the  action,  1st,  of 

water ; 2nd,  of  HC1  upon  it. 

17.  How  much  hydrogen  gas  by  weight  and  volume  (at  0°  C.  and  760  mm.)  is 

obtained  when  10  grms.  of  metallic  iron  are  dissolved  in  dilute  hydro- 
chloric acid  ? 

18.  How  much  sulphurous  anhydride  gas  by  weight  and  by  volume  is  required 

to  reduce  1‘324  grm.  of  ferric  sulphate  to  ferrous  sulphate? 

19.  Describe  the  properties  of  ferric  phosphate.  State  why  an  alkaline  acetate 

has  to  be  added,  previous  to  precipitation  with  hydric  disodic  phosphate, 
and  explain  the  decomposition  of  tho  phosphates  of  the  alkaline  earths  by 
means  of  ferric  chloride  in  an  acetic  solution. 

20.  The  value  of  a ton  of  Sicilian  sulphur  (containing  94  per  cent,  of  S)  is  £5, 

that  of  a ton  of  iron  pyrites,  FeS2,  containing  46'5  per  cent,  of  sulphur, 
£1  10s.  6d.  Ascertain'  which  can  be  more  profitably  worked  in  the  manu- 
facture of  sulphuric  acid,  having  regard  merely  to  the  respective  sources  of 
sulphur. 

21.  How  much  metallic  iron  is  required  to  manufacture  one  ton  of  crystallised 

green  vitriol  1 

22.  ’432  grm.  of  brown  haematite  ore  gave  '350  grm.  of  Fe203.  What  is  the 

percentage  of  metallic  iron  in  the  ore,  and  what  tho  percentage  of  brown 
haematite  present  ? 

23.  How  is  Fe203  separated  from  FeO  ? Describe  two  methods. 

24.  How  would  you  separate  Fe203  from  Zn",  Mn",  Ni",  and  Co"  ? 

25  Why  is  it  preferred  to  precipitate  Fe2Cl6  by  means  of  AmHo,  instead  of 
KHo? 


CHROMIUM,  Cr",  lv,  and  vi.— This  element  is  comparatively 
rare.  It  occurs  in  nature  chiefly  as  chrome  iron  ore , Cr203,FeO  = 

J Sr9lfco",  and  crocoisite,  Cr02Fbo'\  Chromic  oxide  constitutes 

| GrO 

the  colouring  matter  in  ruby,  green  serpentine,  etc. 


REACTIONS  IN  THE  DRY  WAY. 


Chromium  compounds  are  readily  recognized  by  the  very  charac- 
teristic preen  colour  which  the  oxide  imparts  to  borax  and  micio- 
cosmic  salt,  especially  in  the  reducing  flame.  Finely  powdered 
chrome  iron  ore,  when  fused  in  a platinum  spoon  or  crucible  with 
four  times  its  weight  of  hydric  potassic  sulphate,  and  then  with  the 
addition  of  an  equal  bulk  of  nitre  and  COKo2  (equally  mixed),  yields 
a yellow  mass  of  potassic  chromate,  Cr02Ko2,  which  in  solub  e m 

water. 


REACTIONS  IN  THE  WET  WAY. 

Chromic  salts  can  be  prepared  from  the  yellow.  CrG2Ko2,  or  the 
red  dipotassic  dichromate,  Cr206Ko2,  by  heating  with  dilute  hydro- 
chloric acid  and  adding  alcohol,  drop  by  drop,  when  the^yellow 

solution  changes  to  a deep  green  solution  of  Cr2Cl0  = j 'Cr'"Cl3’ 


in  which  the  Cr  exists  as  a tetrad  element. 


CHROMIC  OXIDE. 
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A lower  chloride,  CrC'L,  has  been  prepared  in  which  Cr  acts  ns  a dyad  element ; 
hut  as  it  has  to  be  carefully  kept  from  the  air  to  prevent  its  becoming  rapidly 
oxidized,  and  as  it  is  of  no  real  practical  use,  a passing  notice  of  it  will  suffice. 

Chromium  is  capable  of  forming  three  series  of  compounds* 


Chromous  compounds 
containing  dyad  Cr. 

Cr''Cl2. 

Cr”0. 

Cr"Ho2. 


Chromic  compounds 
containing  tetrad  Cr. 

'Cr'"2C]6. 

'Cr"'203. 

'Cr'"2Ho6. 


Chromates 
containing  hexad  Cr. 

Crvi02Ko2. 

Crvi02Pbo". 


of  which  we  purpose  studying  only  the  two  latter. 

A.  Chromic  Compounds. — We  employ  a solution  or  Chromic 
Chloride,  Cr2ClG. 

SAm2  (group-reagent)  precipitates  bluish  green  chromic  hydrate 
Cr2Ho6,  insoluble  in  excess. 

AmHo  precipitates  the  hydrate,  somewhat  soluble  in  excess  the 
fluid  acquiring  a pink  tint.  The  precipitation  is  complete  on 
boiling. 

KHo  or  NaTIo,  same  precipitate,  readily  soluble  in  excess  to  a 
green  solution ; reprecipitated  by  long-continued  boiling  or  on 
adding  AmCl,  whereby  the  fixed  alkali  is  removed  as  KCl  or  NaCl 
with  substitution  of  AmHo. 

CONao2  and  COAmo2  give  greenish  precipitates  of  basic  car- 
honates  (varying  in  composition),  somewhat  soluble  in  excess. 

±'UHoAao2  (hydric  disodic  phosphate)  precipitates  qreen 
chromic  phosphate,  P202Cr2ovl,  soluble  in  mineral  acids,  insoluble 
in  acetic  acid. 

COBao"  precipitates  basic  carbonate.  The  precipitation  takes 
place  m the  cold,  but  is  completed  only  after  long  digestion. 

n the  presence  of  citric,  tartaric,  and  oxalic  acid,  also  of  sugar 
the  precipitation  of  chromic  salts  by  means  of  ammonia,  sodic  or 
banc  carbonate  is  more  or  less  incomplete. 

Chromic  compounds  may  be  recognised  also  by  converting  the 
chromic  oxide  into  chromic  acid.  This  may  be  accomplished  -1 

NaHo  Thb°lllngga  Sol^tl°n  °f  Cr-'C1«  with  Pb02  and  KHo  or 

bv  a chan™  ^ T ^ takeS  plaCe’  and  which  is  Seated 
thus  g (from  (Jreen  to  yellow),  may  be  expressed 


(1)  Cr2Cl0  + 6KHo  = Cr2Ho6 

Soluble  in 
excess  of  KHo. 

(2)  Cr2Ho0  + 3Pb02  = 2CrO,Pbo" 

Solublo  in 
KHo. 


+ 6KC1. 


+ PbO  + 80H2. 

Soluble  in 
KHo. 


* 1.  lie  intermediate  oxides  Cr.iO  Ci’O  f CrOp  //  , , 

LrsU3)UrU  ~ 1 CrOCro  (chromou8  dichromic 
tetroxide),  and  Cr02  (chromic  dioxide)  cannot  be  considered  here. 
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CHROMIC  ANHYDRIDE. 


On  acidulating  tlie  solution  with  acetic  acid,  a precipitate  of 

plumbic  chromate,  Cr02Pbo"  is  obtained.  r, 

2nd.  By  boiling  a solution  of  Cr2Cl6  with  NaHo  and  sodic  } p 

chlorite,  ChNao,  thus  : — 

Cr,Ho6  + 3ClNao  + 4RaHo  = 2Cr02Kao2  + 3NaCl  + 50H*. 

Yellow  sodic 
chromate. 

3rd.  By  fusion  with  alkaline  carbonates  and  nitre  (or,  better 
still,  with  potassic  chlorate),  on  platinum  foil. 

B chromic  anhydride,  Crvi03.— Chromic  acid,  CrO*Hoa,  com- 
bines'with  KHo  to  form  two  salts,  the  normal^  ov^ellow  chromate , 

Cr02Ko2,  and  the  orange  red  dicliromate^Cr0^o  1S°m°rpll°US 
with  the  corresponding  sulphate  and  disulphate.  A solution  of  the 

and  allowing  it  to  cool  Blowly-  ^ ■*  JA  , cry8taia  placed  to  drain  upon  a 

and  three  atoms  of  oxygen,  according  to  the  equation  . 

2Cr03  = Cr203  + 03. 

ThemoW  chromium  — to  «ht  * 
hexad  state,  as  a glance  at  its  ^honand  manganese,  which  can  likewise  exist  in 
however,  m a marked  mann  f . stable  hexad  compounds  (chromates), 

the  tetrad  and  hexad  state,  by  bahd>  the  metal  chromium  appears  to 

oxygen°lesB  firnly  than  manganese  holds  it  in  permanganic  acid. 

Reactions  oe  Cr03  based  upon  its  Oxidizing  Action 
a SOLUTION  op  DIPOTASSIC  dichkomate,  Cr2O0Ko2,  may  be  em- 
ployed. „ f n_.jrnohloric  acid,  reduces  the  orange 

predpitated' 

1 "crsOaXo,  + 8HC1  + 3SH,  = ft*  + + K®  + * 

SAm2,  added  in  excess  to  a So1 1 * ' ' V-.i'1  *»*» * 

dichromate,  precipitates  duty  green  hydrate  a 


OXIDIZING  ACTION  OF  CHROMIC  ANHYDRIDE. 
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On  boiling,  the  whole  of  the  chromium  separates  as  green  chromic 
hydrate,  thus : — 

OrjOsKoj  -J-  3SAm2  I-  < OH2  — Cr2Hoa  -f-  S3  -f-  2KHo  6AmHo. 

In  the  one  case  the  H2  of  the  SH2  acted  as  the  reducing  agent ; 
in  the  other  the  (NHt)2  of  the  SAm2. 

SOHo2,  in  the  presence  of  a little  free  S02Ho2,  reduces  the 
dichromate  to  chromic  sulphate,  thus  : — 

Cr>05Ko2  -f  3SOHo2  + S02Ho2  = S306Cr2ovi  + SO>Ko2  + 40H2. 


Chromic  sulphate  and  potassic  sulphate  constitute  potassium 


S02Ko 

S02= 


1 


SO  = 1 

chrome  alum,  or  (dipotassic  chromic  tetrasulphate)  gQ2 0r2ovi. 


SO.Ko 


J 


{ COHo  (oxaUc  acIrt)>  in  the  presence  of  free  acid  (dilute 


sulphuric  acid),  produces  the  same  reaction,  carbonic  anhydride 
being  evolved.  Six  molecules  of  C02  become  the  measure  for  one 
molecule  of  dipotassic  dichromate.  Tartaric  and  citric  acid  act  in 
like  manner. 


Cr206Ko2  + 3 [ + 4S02Ho2 


S02Ko 


SO 


■=1 


gQ2Cr2ovl  + 6C02  + 7 OH, 

soSo-1 


S02Ho2  (concentrated)  reduces  the  dichromate,  on  the  applica- 
tion of  heat,  with  evolution  of  oxygen  and  formation  of  potassium 
chx-ome  alum,  thus  : — 


f Cr02Ko 

<0  + 4SOoHo2  = g^Ciy)*  + 40Ho  + 03. 

tCr0>K°  IS:m 

HCl  (concentrated)  evolves  chlorine,  and  the  hydrogen  combines 
with  the  three  available  atoms  of  oxygen  in  the  dichromate  thus  : — 

f Cr02Ko 

< O + 14HC1  = Cr2ClG  + 2KC1  + 70II2  + 3C12. 

[ Cr02Ko 


As,03  (in  a hydrochloric  acid  solution)  is  converted  into 
AsOHo3,  thus : — 

fCr02Ko 

<0  + 3AsHo*  + 8HC1  = Cr2Ol0  + 2KC1  + AsOHo, 

L Cr02Ko  + 40H2. 

Sn012,  SbCla,  FeCl2,  Zn  (Fe,  Sn,  etc.)  in  the  presence  of  dilute  HCl 
reduce  likewise  chromates  or  dichromates. 
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CHROMATES. 


Reactions  for  Cr03  produced  by  Double  Decomposition. 

Chromates  of  the  alkalies  and  alkaline  earthy  bases  (with  the 
exception  of  baric  chromate),  also  of  iron  (Felv),  me,  manganese, 
and  copper,  are  soluble  in  water ; all  other  chromates  are  insoluble, 

but  dissolve  readily  in  dilute  nitric  acid. 

BaCl2,  added  to  a solution  of  a normal  chromate  (or  dichromate), 
gives  a light  lemon  yellow  precipitate  of  baric  chromate,  Oru^ao  , 
even  in  very  dilute  solutions  ; insoluble  in  acetic  acid,  readily  soluble 
in  nitric  or  hydrochloric  acid,  and  reprecipitated  by  AmHo. 

f ch3 

l ^pbo"  (plumbic  acetate)  gives  a fine  lemon  yellow  precipi- 

f CO 
1 CH 

tate  of  plumbic  cb, -ornate,  CrOsPbo",  soluble  in  KHo,  sparingly 
soluble  in  dilute  nitric,  insoluble  in  acetic  acid,  lhe  neutral  salt  is 
converted  upon  digestion  with  alkalies  into  a basic  red  chromate, 

^ NOAgo  (argentic  nitrate)  gives  a dark  purple  red  precipitate  of 
argentic  chromate,  Cr02Ago2,  soluble  in  nitric  'wad  m^ammoma. 

From  weak  acid  solutions  argentic  illcliromatc,  < CrO.Ago  ’ ™ FC" 

cipitated. 

NOlHg*o"  (mercurous  nitrate)  gives  a dark  brick  red  basic 
N°2  , n rvOnto-  O YTIg,o",  which  on  ignition  is  converted 

fr,  (MBIH0D 

OF  SEPARATING  CHROMIC  ACID  FROM  CHROMIC  OXIDE.) 

QUESTIONS  AND  EXERCISES. 

1.  which  i.  the  most  important  ctoomiom  ore?  dire  symbolic  ami  8~pl,io 
l o«  ebromoa.  dichromic 

4,  D JribTho.  chromic  chloride  or  sulphate  is  obtained  from  an  alkaline 
chromate.  ,•  formula)  for  dipotassic  chromate  and  dichromnte, 

I.  — - 

chromic  compounds.  Give  equations. 


ALUMINIUM. 
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7.  How  can  chromic  compounds  be  converted  in  the  wet  way  into  chromates  ? 

Give  instances,  and  express  the  changes  by  equations. 

8.  How  is  chromic  anhydride  prepared  ? 

9.  Give  instances  of  the  oxidizing  action  of  chromic  acid.  Express  the  changes 

by  symbolic  equations. 

10.  What  is  the  composition  of  potassium  chrome  alum  P State  shortly  by  what 

processes  it  is  prepared  from  chrome  iron  ore. 

11.  You  have  given  to  yon  oxalic,  hydrochloric,  and  concentrated  sulphuric  acids, 

dipotassic  dichromate  and  water.  State  how  you  would  prepare  C02,  O, 
or  Cl  gas  from  these  materials,  and  express  the  changes  by  equations.  ” 

12.  What  is  the  action  of  nascent  hydrogen  upon  alkaline  chromates  ? Give 

several  instances,  and  express  the  changes  by  equations. 

13.  Describe  some  of  the  most  characteristic  reactions  for  chromic  acid  produced 

by  double  decomposition.  Give  equations. 

14.  How  would  you  distinguish  between  chromic  oxide  and  chromic  acid  occur- 

ring in  one  and  the  same  solution  P 

15.  Which  chromates  are  soluble  and  which  are  insoluble  in  water  ? 

16.  What  evidence  is  there  for  the  existence  of  perchromic  acid  ? 

17.  How  can  we  test  for  mere  traces  of  hydrie  peroxide  ? 

18.  Calculate  the  percentage  composition  of  potassium  chrome  alum  containing 

24  molecules  of  water  of  crystallisation. 

19.  How  can  Cr  be  separated  from  every  other  metal  of  Group  III,  except  Mn  ? 

20.  How  can  Cr203  be  separated  from  Fe",  Zn",  Mn",  Ni",  Co"  salts  ? 

21.  1-600  grm.  of  chrome  iron  ore  yielded  2'95  grms.  of  Cr02Pbo".  What  per- 

centage of  Cr  does  the  ore  contain,  aud  how  much  dipotassic  dichromate 
can  be  manufactured  from  one  ton  of  the  ore  ? 

22.  1-2  grm.  of  a sample  of  sodic  chromate  yielded  with  oxalic  acid  '89  grm.  of  car- 

bonic anhydride.  What  percentage  of  chromic  anhydride  did  it  contain  ? 


ALUMINIUM,  A1  and  1V. — One  of  the  metallic  elements  wliicli 
occurs  most  abundantly  in  nature,  both  in  the  form  of  the  oxide,  and, 
as  an  important  constituent  of  many  minerals,  in  combination  with 
silica,  with  sulphuric,  phosphoric,  and  other  acids  ; and  in  the  form 
of  FLUORIDE  in  cryolite , and  the  rare  topaz.  For  a list  of  some  of  the 
more  interesting  aluminic  compounds  the  student  is  referred  to 
Frankland’s  “Lecture  Notes,”  page  179. 


REACTIONS  IN  THE  DRY  WAY. 

Alumina,  when  heated  on  charcoal,  is  distinguished  from  other 
earths  by  its  property  of  assuming  a beautiful  sky  blue  colour 
after  bemg  moistened  with  a solution  of  cobaltous  nitrate  and  io-nited 
once  more  strongly,  owing  to  its  forming  with  the  cobalt  oxide  a 
quasi-salt— cobaltous  aluminate.  This  test  is  not  always  decisive 
and  becomes  inapplicable  when  coloured  oxides,  such  as  Fe,03’ 
MnO,  &c.,  are  present,  in  which  case  recourse  must  be  had  to  the 
examination  in  the  wet  way,  in  order  to  discover  A1203. 


REACTIONS  IN  THE  WET  WAY. 

^.s.0^u.TI0N  0F  ammonium  alum,  S.OsAmo^Lo*  = 

S4O8(OAm)2(O0Al2)vi)  m which  A1  piays  the  parfc  of  a tetrad  (pseu(lo_ 

triad)  element,  or  of  aluminic  chloride,  ( 

L ■‘*1  ^*3 


kr 
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ALUMINIUM. 


SAm2  gives  a white  gelatinous  precipitate  of  alaminlc  hydrate, 
A12Ho6,  sulplmretted  hydrogen  being  evolved,  thus : 

SiOgAmo.Abo^  + 3SAm2  + 60  tb  = Al2Ho6  + 4S02Amo2 

+ 3SH2. 

KHo  or  NaHo*  precipitates  the  hydrate,  r^dily  soluble  m 
excess  reprecipitated  by  excess  of  AmCl,  or  by  AmHo,  after  nentrab- 
satTonofPtbeaPlkali  by  hydrochloric  acid.  The 
not  precipitated  by  SAm2  (method  of  separation  of  Al utbom : ), 

AmHo  precipitates  the  hydrate,  somewhat  soluble .in  excess,  m 
soluble  in  the  presence  of  much  ammomc  chloride,  and  on  boding. 
CONaoo  or  COAmo2  precipitates  basic  carbonate  of  uncertain  com- 

10  COBao"  completely,  but  slowly,  precipitates  Al2Ho6,  mixed  with 
basic  salt  even  in  the  cold.  Carbonic  anhydride  escapes. 

‘ POHoNao*  gives  a bulky  white  precipitate  of  aluminic  phosphate, 

StStoJSS,  tTnofof  total  abdTrf  sugar,  prevents  its  preeipi- 

about  half  an  hour.  lho  mass  nL',cd  and  washed.  The  residue  consists 

SjSS  S:° S"“n“«f«.r“  ‘Thl  Bltrste  tnn,  be'te.ted  for  A!  in  tire  u.uJ 

acids.  Lolling  Wim  tuu  £_  art  T-ToKo  or  with  fusion 

**  byd"°- 

Powder  up  some  porcelain  very Andjs  andf ^xtract'wlt^Sat^! 
crucible,  with  lour  times  ds  weig  ortion_consisting  of  alkaline  aluminate— 
Transfer  both  the  Mluble  and  msoluh , ^^0^lloric  acid;  and  evaporate  to  dryness 
to  a porcelain  chsh,  acidulate  v y v,vdroobloric  acid  and  hot  water,  and 
Take  ?«p  with  a fe«  *op.  The  filtrate  contain,  the 

«;*».<  ”** ‘^Tl ,!  to  m Sell can \=  precipitated  a,  «»al. 

°“s  often  found  in  nature  assooiated  with  potass  c 
or  - £ felspar  (dipotaasic  alntninic  henasilieate), 

* Potassic  or  sodic  hydrate  18 g^tCand  ft  irtherefore,  absolutely 

during  the  manufacture from  w d bom  sodium)  for  tho  separation  of 


SEPARATION  OF  THE  METALS  OF  GROUP  III. 
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Si,iO,Ko2ALovi,  and  alb  He,  Si0O8Nao3Al2ovi.  In  order  to  test  for 
potassium  and  sodium,  alkali  salts  mast,  of  course,  be  carefully 
avoided.  This  can  be  done  by  making  use  of  hydrofluoric  acid. 

Introduce  a small  quantity  of  finely  powdered  felspar  into  a platinum  crucible 
or  dish  ; treat  with  liquid  hydrofluoric  acid,  and  evaporate  at  a gentle  heat  in  a 
closet  which  is  connected  with  the  chimney.  HF  attacks  the  Si02,  forming 
silicic  fluoride,  SiF4 — a volatile  compound — and  leaves  the  aluminium  and 
potassium  behind  as  fluorides  readily  soluble  in  dilute  hydrochloric  acid  : — 

Si608Ko2Al2ovi  + 32HF  = 6SiF4  + 2KF  + A1,F0  + 160H2. 

The  decomposition  is  generally  only  completed  after  two  or  three  evaporations 
with  HF. 


QUESTIONS  AND  EXERCISES. 

1.  Enumerate  some  of  the  more  important  aluminium  minerals  ; give  constitu- 

tional and  graphic  formulae. 

2.  How  is  AL,0:1  detected  in  the  dry  way  ? 

3.  Give  equations  for  the  reactions  of  aluminium  in  the  wet  way. 

4.  How  is  toavellite  examined  for  alumina  ? 

5.  How  can  insoluble  aluminium  minerals  be  rendered  soluble  in  water  or 

acids  P 

6.  Explain  the  action  of  HF  upon  felspar  and  albite. 

7.  How  can  A1203  be  separated  from  Fe203  ? 

8.  How  b A1203  separated  from  Fe",  Zn",  Mn",  Ni",  Co"  compounds  ? 

9.  Calculate  the  percentage  composition  of  felspar. 

10.  How  can  A1203  be  distinguished  from  P202Al2ovi  ? 


The  separation  of  the  metals  of  Group  III  is  surrounded  by  some 
difficulties,  on  account  of  the  unavoidable  complication  which  arises 
from  the  possibly  simultaneous  precipitation  of — 

1st.  Sulphides , viz.,  NiS,  CoS,  MnS,  ZnS,  FeS. 

2nd.  Hydrates,  viz.,  Cr3Ho0,  Al2Ho0,  and 
3rd.  Phosphates  of  Cr,  Al,  Ba,  Sr,  Ca,  Mg, 

and  it  is  therefore  well  always  to  ascertain,  by  a special  experiment, 
whether  phosphoric  acid,  in  combination  with  the  above  metals,  is 
present  or  not  in  the  solution  under  examination. 

This  can  readily  be  done  by  adding  Am  Cl,  AmHo,  and  SAm, 
to  a small  portion  of  a solution  of  metals  of  this  group  (or  to  the” 
filtrate  from  Group  II).  On  dissolving  the  precipitate  which  these 
reagents  produce  in  a little  concentrated  nitric  acid,  and  addin  o-  a 
solution  of  ammonic  molybdate*  a yellow  precipitate  is  obtained 
f especially  on  digesting  for  some  time  at  a gentle  heat),  showing 
e presence  of  phosphoric  acid.  If  no  precipitate  is  obtained,  the 
solution  need  only  be  examined  for  Ni,  Co,  Mn,  Zn,  Fe,  Al,  and  Cr 
I.  Phosphoric  acirt  is  absent.— This  is  sufficiently  indicated  if 
the  original  substance  dissolved  readily  in  water.  If  insoluble  in 
wa  er  but  soluble  in  dilute  acids,  phosphoric  acid  may  likewise  be 
absent  from  the  substance,  but  not  necessarily  so. 

* For  the  preparation  of  this  reagent  seo  Appendix. 
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SEPARATION  OF  THE  METALS  OF  GROUP  IIIA. 


It  would  appear  at  first  sight  that  the  deportment  of  the  five  sulphides  and 
two  hydrates  with  amnionic  chloride  and  ammomc  hydrate,  sodic  or  potassic 
hydrate,  or  dilute  acids  (e.g.,  HC1),  would  enable  us  to  separate  the  members 
of  this  group,  or  several  of  them,  from  each  other.  We  have  seen,  for  example, 

nst  m Co  Mn,  Zn  are  not  precipitated  bg  AmHo  from  a solution  containing 
larae  excess  of  AmCl ; whilst  Fe,Hof),  Cr,lIo6,  and  Al2Ho6  are  precipitated. 

It  has  however,  been  found  that  the  mode  of  separation  based  upon  this  solvent 
property  of  amnionic  chloride,  gives  but  imperfect  results,  since  the  redlofi 
carries  down  varying  quantities  of  other  oxides,  especially  on  exposure  of  the 
solution  to  the  air,  when  higher  oxides  of  manganese  and  cobalt,  aro  formec , 
which  are  not  soluble  in  amnionic  chloride.  Small  quantities  of  Ni,  Co,  Mn  and 
Zn  aro  thus  frequently  overlooked  altogether.  It  is  only  by  ^dissolving  tl  e 
preciiiitate^ and reprecipitating  several  times  over  with  AmCl  and  AmHo,  as  long 
as  the  ommoniacal  filtrate  gives  a precipitate  with  sulphuretted  hydrogen,  that 
iron  can  be  separated  from  manganese,  etc.,  in  this  manner. 

With  these  precautions,  however,  it  is  mostly  possible  to  separate 
of  this  croup  from  each  other  by  first  precipitating  ferric,  chromic,  and  aluminm 
hydrates  by  means  of  AmCl  and  AmHo,  and  then,  from  the  filtrate,  the  sidphides 

-7S-  “rr  Tz  k-* 

an  efta  oo.£  »££ 

hj  diates.  nimntities  of  ZnHoa  and — more  especially  the  Fe.lloo  precipi- 

ti0nJri  thcfSdZteffLchloric  acid  does  not  dissolve  CoS  or  Ni£ [to  any  great 

with  cure,  gives  |°°tdJe ,,  ^^the  iron,  hhiminium,  and  chromium  still  to  be 
ton,  sine,  no  .chug  of  lub.hr  is  .footed  thorcb,  .»  the 

separation  of  these  Bovon  metals. 


In  finely  divided  freshly  precipitated  baric  carbonate  COBao", 
„08sess  a reagent  which  separates  the  lower  oxides,  viz,  ZnO,  MnU, 
NiO  CoO  (this  latter  not  quite  so  perfectly  except  m the  presence 
much  ammomc  chloride),  from  the  higher  oxides,  viz.,  Fe203, 


Al.O',  and  Cr.03.  The  metals  should  bo  first  obtained  as  chlo- 


rides. 


The  examination  of  the  precipitate  produced  by  COBao"  is  based 


uZtanfZe,  or  ly  boiling  will  OINao,  or  with  FbO,  » 
alkaline  solution. 


The  examination  of  the  filtrate  is  based  upon- 

-Ut  The  solubility  of  ZnIlo2  in  sodic  hydrate. 
o i MnS  in  acetic  acid. 

ob  ’ The  formation  of  soluble  K0Oo2Cyi2  and  the  precipitation  of 
Ni  as  black  NiaHo,  by  ClNao,  or  chlorine. 

Directions  for  the  separation  of  these  seven  metals  will  be  found 
in  the  analytical  tables  under  Group  HIa. 


EXERCISES  ON  GROUP  IIIa. 
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PRACTICAL  EXERCISES*  ON  GROUPS  IIIa,  IV  and  V. 

You  are  requested  to  analyse — 

1.  A solution  of  ferric  chloride,  ammonium  alum  and  manganous  chloride,  con- 

taining "500  grm.  of  Fe,  '050  grin,  of  Mn,  and  '050  grm.  of  Al. 

2.  A solution  of  S02Nio"  and  N.O^Coo",  containing  ’050  grm.  of  Ni  and  '010 

grm.  of  Co. 

3.  A mixture  of  the  solid  salts  : zinc  white,  green  vitriol  and  potassium  alum  ; 

both  in  the  dry  and  in  the  wet  way. 

4.  A solution  of  SO>Zno"  and  potassium  chrome  alum,  containing  ’500  grm.  of  - 

Cr  and  ’050  of  Zn. 

5.  A mixture  of  potassium  chrome  alum  and  green  vitriol  (about  ’050  grm.),  in 

the  dry  way  only. 

6.  A mixture  consisting  of  ferric  oxide,  manganic  oxide  and  zincic  oxide,  con- 

taining -050  grm.  of  3Te203,  -010  grm.  of  Mn02  and  ’100  grm.  of  ZnO  ; to 
be  examined  in  the  dry  way  only. 

7.  A sample  of  dolomite,  for  Fe"  (Mn)  Ca  and  Mg. 

8.  A sample  of  calc  spar,  for  Fe"  and  Mg. 

9.  Samples  of  iron  ores,  e.g.,  red  hcematite,  brown  Ticematite,  magnetic  iron  ore , 

martial  pyrites,  to  be  examined  for  water  and  sulphur  only. 

10.  A sample  of  calamine,  in  the  dry  way  only. 

11.  A sample  of  chrome  iron  ore  for  chromium  in  the  dry  way  only. 

12.  A sample  of  magnetic  iron  ore  for  Fe",  in  the  wet  way. 


Tabulate  the  reactions  produced  by  AmCl  and  AmHo,  NaHo  or  SAm2  with 
the  members  of  Group  IIIa,  according  to  the  following  scheme  : — 


Reagent. 

A1203. 

Cr203. 

Fe203. 

ZnO. 

MnO. 

NiO. 

AmCl, 

and 

AmHo. 

A white  gelatin- 
ous precipitate 
of  Al2Ho6, 

slightly  soluble 
in  excess,  re- 
precipitated  on 
boiling. 

NaHo. 

Ditto,  soluble 

in  excess. 

SAm2. 

A white  gelatin- 
ous precipitate 
of  AJUHos,  in- 
soluble in  ex- 
cess. 

with  the  main  view  of  fixing  upon  the  memory  the  solubility  or  insolubility  of 
the  precipitates  in  excess  of  the  reagents. 


II.  Phosphoric  Acid  is  present. — The  original  substance  was 
either  insoluble  or  only  partially  soluble  in  water,  but  soluble  in 
hydrochloric  acid.  In  this  case  AmCl  and  AmHof  produce  a pre- 


* These  exercises  may  of  course  be  varied,  and  should  be  looked  upon  merolv 
i as  indicative  ot  the  course  to  be  pursued.  3 

t If  AmCl  and  AmHo  should  give  no  precipitate,  it  is  obvious  that  no  phos- 
] phates  and  no  Fe,  Al  and  Cr  need  be  looked  for.  1 


E 
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Add  AmCl  in  considerable  excess  ; beat  gently,  and  then  add  AmHo  drop  by 
tbe  form  of  Felv.)  Filter  quickly,  and  wash  with  hot  water.  Reserve  the 
dilute  HC1  on  the  filter.  Collect  the  acid  solution  in  another  beaker,  and 
good  SH2  water  produces  any  precipitate  in  the  filtrate.  Mix  now  the 


Solution. — Pass  a current  of  SH2  through  the  solution,  and  filter  off  ZnS, 
Hn S NiS,  CoS.  Wash  off  the  filter,  and  redissolve  the  precipitate  in 

* ' r oci 

dilute  IIC1,  with  the  addition  of  a few  small  crystals  of  j oKo.  Add 
NaHo  in  excess,  hoil,  and  filter. 


The  Solution  may 
contain  Zn,  as 
ZnNao* *.  Add 
SII2.  White 
precipitate  of 
ZnS. 


The  Peecipitate  may  contain  MnHo2,  CoIIo2,  and 
Nilloo.  Wash,  dissolve  in  a little  dilute  HC1 ; nearly 

* f CH- 

neutralize  with  AmHo  ; add  excess  of  \ CO  Amo  ’ PaSS 

a rapid  current  of  SH2  for  several  minutes  through  the 
solution,  and  filter. 


Presence  of  Zn. 


The  Solution 
contains  the 
manganeso  as 
acetate. 

Add  AmCl,  AmHo, 
and  Sulphu- 
retted Hydrogen 
Water. 

Flesh  - coloured 
precipitate  of 
MnS. 


Residue.  — Dissolve  in  HC1  and 

{ OKo  5 noarly  neutralize  with 

CONuoj ; add  a weak  solution  of 
KCy,  so  as  just  to  redissolve  the 
precipitate  'first  produced.  Boil 
briskly  for  some  time,  allow  to  cool 
(filter  off  any  slight  precipitate), 
and  add  a strong  solution  of  CINao ; 
allow  to  stand  for  some  time  in  a 
warm  place,  as  long  as  a black  pre- 
cipitate forms,  and  filter. 


Presence  of  Mu. 


Peecipitate  con- 
sists of  Ni2Hoc. 
Filter  off  and 
confirm  by  heat- 
ing a small  por- 
tion of  it  on  a 
borax-bead  be- 
fore the  blow- 
pipe flame. 

A yellowish  to 
sherry-red  bead. 

Presence  of  Ml. 


The  Solution  con- 
tains the  cobalt 
as  K6Co2Cy12. 
Evaporate  to 
dryness,  and  test 
a little  of  the 
residue  before 
the  blowpipe 
flame  on  a borax 
bead. 

A blue  bead  in 
both  flames. 

Presence  of  Co. 
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drop  as  long  as  a precipitate  comes  down.  (The  iron  must  be  present  in 
ammoniaeal  filtrate.  Bedissolve  the  precipitate  by  treating  it  with  hot 
repeat  in  like  manner  the  precipitation  with  AmCl  and  AmHo,  as  long  as 
different,  ammoniaeal  filtrates  with  the  main  filtrate.  . 


The  Precipitate  consists  of  3Te2Ho6,  Cr2Ho6,  and  AlJIofl.  Dissolve  in 
dilute  HOI,  add  a solution  of  NaHo  (free  from  alumina)  in  excess,  and  boil 
for  some  time.  Filter  off. 


Precipitate. — Dry  and  fuse,  with  fusion  mixture 
and  NO.Jvo  on  platinum  foil.  Dissolve  in  hot 
water,  and  filter. 


Residue. — Dissolve  in  di- 
lute HC1,  and  add 
K4FeCy6. 

A precipitate  of  Prussian 
blue. 

Presence  of  Fe. 

Test  the  original  HC1 
solution  specially  for 
Fe"  and  Feiv  by  means 
of  Mn,06Ko2  in  a 
highly  dilute  solution, 
as  well  as  by  means  of 
K4FeCyc,  K6Fe2Cyi2, 
or  CyAms. 


Solution,  yellow.  Con- 
firm by  adding  j 

and({c03>Pb0" 

Yellow  precipitate  of 
CrO,Pbo". 

Presence  of  Cr. 

Note. — Traces  of  man- 
ganese— owing  to  imper- 
fect separation  of  Mn 
from  Fe  by  precipitation 
with  AmCl  and  AmHo — 
are  indicated  by  the 
bluish  green  colour  of  the 
fused  mass  arising  from 
the  formation  of  an  alka- 
line manganate,  and  after 
dissolving  in  water,  by  the 
purplish-red  colour  of  the 
alkaline  permanganate. 


Solution.  — Acidulate 
with  dilute  HC1,  and 
add  AmHo  in  slight 
excess. 

White  gelatinous  pre- 
cipitate. 

Presence  of  Al. 

Note. — If  no  sodic  hy- 
drate free  from  alumina 
can  be  obtained,  it  is  ne- 
cessary to  test  an  equal 
bulk  of  the  reagent  by 
acidulating  with  HOI  and 
adding  a slight  excess  of 
AmHo,  and  then  com- 
paring the  Al.,Ho(i  thus 
precipitated  with  the  pre- 
cipitate obtained  in  testing 
the  solution  under  ex- 
amination. 


- 
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cipitate,  before  SAm2  is  added  ; tbe  precipitate  may  possibly  consist 
of  NiS,  CoS,  MnS,  ZnS,  FeS,  Al2Ho6,  Cr2Ho6)  as  well  as  tbe 
phosphates  of  (Cr),  Al,  Mg,  Ca,  Sr,  Ba. 

It  is  obvious  that  amnionic  phosphate  is  formed  by  the  (decom- 
position of  the  phosphates  of  the  metals  Ni,  Co,  Mn,  Zn,  Fe  (if  pie- 
sent)  by  SAm2 — AmCl  and  AmHo  precipitate  these  phosphates 
without  decomposition — which,  in  its  turn,  would  act  upon  any 
soluble  salts  of  Mg,  Ba,  Sr,  Ca,  and  precipitate  phosphates  of  these 
metals,  although  none  may  have  been  present  originally  in'  the 
saline  mixture.  An  example  will  make  this  clear.  Let  us  suppose 
that  the  substance  under  examination  consists  of  COBao'',P20>Cao  3 
and  P,O.FeoOvi.  On  dissolving  in  hydrochloric  acid,  baric  chloride 
is  formed,  and  the  calcic  and  ferric  phosphates  are  dissolved  without 
decomposition.  On  adding  AmCl  and  AmHo,  a yellowish-white  pre- 
cipitate of  P.02Fe2ovl  and  P.02Cao''3  is  obtained,  whilst  BaCl2  is 
not  precipitated.  On  adding,  however,  the  AmCl  and  AmHo  as 
well  as  the  SAm,,  to  the  solution,  P202Fe2ovl  is  decomposed  into  Feb 
and  POAmOj,  which  latter,  by  acting  upon  the  BaCl2,  would  pre- 
cipitate baric  phosphate.  n „ TTT  , 

In  order  to  avoid  this,  the  precipitate  produced  m Oroup  111  by 
AmCl  and  AmHo,  which  contains  for  the  most  part  the  whole  oi 
the  phosphates,  is  filtered  off  and  SAm2  added  to  the  filtrate  only. 
The  two  precipitates  are  washed  separately,  transferred  to  a porce- 
lain dish  and  boiled  with  a little  SAm,  which  decomposes  the 
metallic  phosphates  (possibly  also  some  Fe,Ho.) I ; leaving  the  phos- 
phates of  the  earths  and  alkaline  earthy  bases  (if  any),  as  well  as 
- - - " - 1 A’  unchanged.  rrVlQ  'T,anlllWfl 


the  hydrates  of  Cr  and  Al,  unchanged.  I lie  insolube  residue  is 
filtered  off  and  washed  with  hot  water  (to  which  a little  SAm2  has 
been  added  to  prevent  the  oxidation  of  FeS,  etc.);  the  filtrate  is 
tested  for  phosphoric  acid  by  means  of  AmCl,  AmHo  and  SO?Mgo  . 
A white  crystalline  precipitate  shows  that  phosphoric  acid  was 
present,  in  combination  with  the  metals  precipitable  as  sulphides. 

The  residue  is  dissolved  in  very  little  hot  hydrochloric  acid,  with 
the  addition  of  a little  concentrated  nitric  acid  ; tillered,  ^cessar^ 
from  the  sulphur  which  separates,  and  concentrated  to  a small  bulk 
by  evaporation.  To  a portion  of  the  solution  add  a little  more  con- 
centrated nitric  acid,  and  then  some  ammonia  molybdate,  and  heat 
gently.  In  the  absence  of  a yellow  precipitate,  no  phosphates  oi 
} * l Ra  Sr  Ca,  Mg  need  be  looked  for  and  the  solution 
iavW  Lm^ed  at  oAce  “according  to  Table  IIIa.  A yellow  pre 
cipitate  indicates  that  phosphates  of  the  earths  or  alkaline  earthy 
bases , or  of  both,  are  present,  in  addition  to  the  metallic  phosphates 

“lreH  80l“dd  to  ‘tbe  rest  of  tie  solution  CONao,,  till  nearly  neutral, 

then  an* excess  of  a solution*  containing  sod.o  ^etate  ™d  stonR 

acetic  acid:  ^l£ta  Adis 

Feft  unde  A, posed  by  the  ferric  chloride  already  present  m tie  sola- 

* For  the  preparation  of  this  reagent  see  Appendix. 
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tion,  are  held  in  solution  by  tbe  acetic  acid.  To  the  filtrate  add 
Fe2Cl6,  drop  bv  drop,  as  long  as  a precipitate*  is  obtained,  and 
till  the  colour  of  the  supernatant  liquid  becomes  distinctly  reddish. 
Digest  at  a gentle  heat;  allow  to  subside  and  filter.  In  this  manner 
the  whole  of  the  phosphates  of  the  alkaline  earthy  bases  are  decom- 
posed, with  formation  of  P202Fe2ovi,  insoluble  in  acetic  acid — (which 
precipitate  may  be  neglected),  and  chlorides  of  Mg,  Ba,  Sr,  Ca 
which  remain  in  solution,  together  with  the  chlorides  of  Ni,  Co, 
Mn,  Zn  (and  the  excess  of  Fe2Cl6  added).  The  whole  of  the  phos- 
phoric acid  having  thus  been  removed,  the  precipitate  produced  by 
AmCl,  AmHo  and  SAm2  is  examined  according  to  Table  IIIa.  The 
alkaline  earthy  metals  are  separated  according  to  Tables  IV  and  V. 
It  should  be  borne  in  mind  that  these  metals  can  have  been  present 
in  the  original  substance  only  as  phosphates,  and  the  filtrate  which 
contains  them  should  on  no  account  be  mixed  up  with  the  main 
filtrate  from  Group  III,  but  should  be  examined  separately. 

It  may  be  of  interest,  occasionally,  to  ascertain,  whether  any  oxalates  of  Ba, 
Sr  and  Ca  (which  are  destroyed  by  evaporation  with  nitric  acid  and  ignition, 
before  proceeding  to  Group  III),  were  present  in  the  original  mixture,  in  which 
case  the  evaporation  to  dryness  and  ignition  must  be  omitted. 

The  precipitate  produced  in  Group  III  by  AmCl  and  AmHo  alone  contains 
the  oxalates,  as  well  as  the  phosphates  of  the  alkaline  earthy  bases,  and  possibly 
also  sdica.  The  oxalates  are  decomposed  by  gently  igniting  the  precipitate.  The 
ignited  mass  is  extracted  with  dilute  hydrochloric  acid.  Silica,  if  present,  is  ren- 
dered insoluble,  and  may  be  separated  by  filtration.  To  the  acid  solution,  which 
may  pussibiy  contain  phosphates  of  Mg,  Ca,  Sr  and  Ba,  as  well  as  chlorides  of 
the  bases,  present  before  ignition  as  oxalates,  add  AmCl  and  AmHo  and  filter  off. 
The  filtrate  contains  the  chlorides  of  Ba,  Sr  and  Ca  and  is  tested  separately 
according  to  Table  IV.  All  Bases  so  discovered^  must  have  been  present 

ORIGIN  ALLY  AS  OXALATES. 

We  may,  then,  sum  up  by  stating  that  the  separation  of  the 

METALS  AND  SALTS  (PHOSPHATES)  PRECIPITATED  IN  GROUP  IIIb^  is 
based  upon : — 

1st.  The  insolubility  of  the  phosphates  of  Fe,  Al  and  Gr  in  acetic 
acid,  in  the  presence  of  an  allcaline  acetate. 

2nd.  The  separation  of  the  whole  of  the  phosphoric  acid  which  is  in 
combination  with  the  alkaline  earthy  bases,  by  means  of  Fe2Cl6, 
in  an  acetic  solution. 

All  other  operations  are  identical  with  those  described  in  Tables 
IIIa,  IV  and  V. 

A tabular  scheme  for  their  examination*  will  be  found  in  the 
analytical  tables,  under  Group  IIIb. 

* If  any  phosphates  of  the  alkaline  earthy  bases  be  left,  Fe2Cl(;  should  pro- 
duce a yellowish-white  precipitate  when  added  to  a portion  of  the  acetic  acul 
solution , if  not,  no  ferric  salt  need  be  added  to  the  main  portion  of  the  filtrate. 
(The  presence  of  iron,  other  than  phosphate,  is  generally  indicated  by  the  reddish 
or  ferric  acetate  colour  of  the  filtrate.)  In  this  ease  Al  and  Cr,  as  well  as  the 
metals  of  the  alkaline  earths,  will  still  have  to  be  looked  for  in  the  filtrate. 

t The  examination  of  Group  IIIb,  containing  phosphates,  may  be  deferred 
until  the  student  has  become  acquainted  with  the  reactions  for  acids. 
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QUESTIONS  AND  PRACTICAL  EXERCISES  ON  GROUP  IIIb. 

You  are  requested  to  analyse  : — . 

1.  A hydrochloric  acid  solution,  containing  common  soclic  phosphate,  ferric 

chloride,  calcic  and  magnesic  chlorides. 

2.  A hydrochloric  acid  solution,  containing  common  sodic  phosphate,  nickelous 

sulphate,  cobaltous  nitrate,  zincic  sulphate,  and  ferric  chloride.  _ 

3.  A hydrochloric  acid  solution  of  calcic  phosphate,  chromic  chloride,  and 

aluminic  phosphate. 

4.  A mixture  of  bone-ash  and  much  ferric  oxide. 

5.  A mixture  containing  little  ferric  oxide  and  much  magnesite  (or  magnesia 

alba)  and  bone-ash.  .....  . . 

6.  A hydrochloric  acid  solution  of  common  alum  and  hydnc  chsodic  phosphate. 

7.  How  would  you  recognize  alumina  in  the  presence  of  aluminic  phosphate  P 

8.  Given  a reddish-coloured  solution  (owing  to  the  presence  of  ferric  salts), 

which  gives  a copious  precipitate  on  the  addition  of  sodic  acetate  and 
acetic  acid  in  the  cold,  leaving  the  solution  still  coloured.  What  inference 
is  to  be  drawn  from  this  observation  P _ . 

9.  A solution  contains  chromic  chloride,  chromic  phosphate,  and  cupotassic 

dichromate.  State  how  you  would  distinguish  these  three  chromium 
compounds  from  each  other.  . . , . 

10.  An  acid  solution  (HOI)  of  a mixture,  consisting  of  ferric  chloride,  baric 
chloride,  and  common  sodic  phosphate,  retains  its  reddish  colour,  after 
precipitation  with  sodic  acetate  and  acetic  acid.  What  inference  must  be 
drawn  from  this,  and  what  would  you  infer  if  the  filtrate  were  colourless, 
but  gave  no  further  precipitate  on  the  addition  of  Fe2Cl6  r 

11  You  have  a solution  given  to  you  which  gives  a precipitate  with  AmCl  and 

AmHo.  What  inference  must  you  draw  if  the  filtrato  gives  no  further 

precipitate  on  the  addition  of  SAm2  ? . ..  „ ... 

12  You  have  given  to  you  a concentrated  solution  of  ferric  chloride.  On  add  mg 

a few  drops  of  a solution  of  hydric  disodic  phosphate,  a yellowish  pre- 
cipitate appears.  Explain  what  takes  place,  1st.  When  apmtKm  of  the 
solution  in  which  the  precipitate  is  suspended  is  boded.  2nd.  When 
acetic  acid  is  added,  in  the  cold,  to  another  portion  3rd.  When  the  pre- 
cipitate is  filtered  and  treated  with  excess  of  tho  hydric  disodic  phosphate, 
in  the  presence  of  ammonia. 


Chapter  V. 

REACTIONS  OF  THE  METALS  OF  GROUP  II. 

This  group  comprises  the  metals  mercery,  lead,  bismuth,  copper, 
CADMIUM  ARSENIC,  ANTIMONY,  TIN  (GOLD  and  PLATINUM),  which  01*0 
precipitated  from  acid  solutions  (HC1)  by  means  of  sulphuretted 

hydiog  "Rif/"  He'd",  SOoCuo",  CdCl2,  As20;) 

!0gCTTpii  Siw00^  and  SnCl<t,  and  pass  a current  of 

(dissolved  m Hcp,  N304P 10  , L Uate  w]lich  i8  produced.  Filter  ; 

SHo,  without  first  filter  A t^o^iear  filtrate,  to  make  sure  that  the  metals  have 
pass  the  gas  again  thiougli  ^ precipitate  with  hot  water  ; remove  a por- 

heen  entirely  precipitated  h ;]low  amnionic  sulphide,  aud  filter  oil’.  A 

tion  from  the  filter ; bod  with  ahtueyeuo  - C£S  CdS.  The  solution 

black  residue  is  left,  T]lis  c’all  be  shown  by  acidulating  with 

contains  As.2S:l,Sb28:i,Snh  a precipitate  comes  down— because  yellow 

S’SjsritAW.*.  - •*»  -*«-  - A- 

Sb,  Sn. 


55 


SULPHO-BASES.  SULPHO-ACIDS. 

This  shows  that  we  can  divide  Group  II  by  means  of  ammonia 

sulphide,  into  two  portions.  , 

The  name  sulphide,  in  its  widest  sense,  is  given  to  all  compounds 
into  which  sulphur  enters  as  the  electronegative  element  A re- 
markable analogy  is  observable  between  oxides  and  sulphides. 
There  is  a certain  class  of  sulphides  which  resemble  metallic  oxides 
or  bases  ; another  class  which  plays  the  part  of  oxy-acids.  Sulphides 
are  therefore  divided  into  sulpho-bases  and  sulpho-acids.  To  the 
latter  belong  the  sulphides  of  H,  As,  Su,  Sb  (Pt,  Au)  ; to  the 
former  the  sulphides  of  many  metals,  especially  such  of  the  metals 
as  constitute  powerful  bases  (K,  Na,  Am,  Ba,  Ca,  etc.).  An  electro- 
positive element,  which  forms  with  oxygen  an  oxide,  combines 
generally  also  with  tlie  same  number  of  sulphur  atoms,  to  form  a 
corresponding  sulphide,  in  which  the  sulphur  is  almost  invariably 

a dyad.  , „ . , , . 

The  resemblance  in  the  constitution  of  these  oxygen  and  sulphur 
compounds  is  further  borne  out  by  the  analogy  in  their  solubility 
and  alkaline  reaction.  Thus  we  have — 


Oxy-bases. 

OK2  Potassa,  alkaline  and  soluble. 


OAm2 

ONa2 

BaO 

CaO 

FeO 

ZnO 


Ammonia  „ „ 

Soda  „ „ 

Baryta  „ ,, 

Lime  „ „ 

Ferrous  oxide,  no  reaction, 

insoluble. 


Zincic 


)) 


Oxy -anhydrides. 
As203  Arsenious  anhydride. 


As203  Arsenic 


Sb203  Antimonious  „ 
Sb205  Antimonic  ,, 


Sn02  Stannic 


Oxy-acids. 
AsHo3  Arsenious  acid. 
AsOUo3  Arsenic  acid. 

SbHo3  Antimonious  acid. 
SbOIio3  Antimonic  acid. 
SbOjlIo  Metantimonic  acid. 
SnHo4  Stannic  acid. 


Sulplio-bases. 

SK2  Potassic  sulphide,  alkaline  and 

soluble. 

SAm2  Ammonic 
SNa2  Sodic 
BaS  Baric 
CaS  Calcic 
FeS  Ferrous 

ZnS  Zincic 

Sulpho-anhydrides. 

As2S3  Arsenious  sulphide,  or  sul- 
pharsenious  anhydride. 

As2S5  Arsenic  sulphide,  or  sulphar- 
sinic  anhydride. 

Sb2S3  Antimonious  sulphide,  or  sul- 
phantimonious  anhydride. 
Sb2S5  Antimonic  sulphide,  or  sul- 
phantimonic  anhydride. 

SnS2  Stannic  sulphide,  or  sulpho- 
stannic  anhydride. 

Sulpho-acids. 

AsIIs3  Sulpharsenious  acid. 

AsSHs3  Sulpharsenic  acid. 

SbHs3  Sulphantimonious  acid. 
SbSHs3  Sulphantimonic  acid. 

SbS2Hs  Sulphomctantimonic  acid. 
SnHs4  Sulphostannic  acid. 


no  reaction, 
insoluble. 


Sulpho- salts  are  obtained  by  the  mutual  action  of  a sulpho-acid 
and  a sulpho-base  upon  each  other. 

Sulphides  soluble  in  water,  comprising  the  sulphides  of  the 
alkalies  and  alkaline  earthy  metals,  are  divided  into  normal  sulphides, 
such  as  SK2,  ,SAm2,  SNa^,  BaS ; into  sulphhydrates  (acid  sul- 
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pliides),  such  as  SKH,  SAmH,  BaHs3;  and  poly  sulphides,  such  as 
SoH2,  S5K2,  S3Am2.  The  aqueous  solutions  of  the  normal  and  acid 
sulphides  are  colourless,  and  give  off  SH2  when  treated  with  dilute 
hydrochloric  acid,  without  separation  of  sulphur.  Solutions  of  the 
polysulphides  are  yellow,  or  yellowish  brown,  and  when  treated 
with  hydrochloric  acid,  give  olf  sulphuretted  hydrogen,  with  separa- 
tion of  white  (or  precipitated)  sulphur.  The  number  of  sulpho-salts 
is  small  compared  with  the  salts  of  oxy-acids,  and  they  are  far  less 
stable  than  ordinary  oxy-salts.  This  arises  from  the  fact  that  sul- 
phur is  comparatively  indifferent  to  chlorine,  phosphorus,  nitrogen, 
carbon,  silicon — non-metallic  elements,  which  are  eudowed  with  a 
powerful  chemical  affinity  for  oxygen,  with  which  they  form  in  the 
presence  of  water  energetic  oxy-acids — and  that  there  are  either 
no  sulphides  corresponding  to  the  oxygen  compounds  of  these 
elements,  or  sulphides  of  a very  indifferent  nature.  The  number  of 
sulpho-acids  is  principally  restricted  to  the  acids  enumerated  above, 
and  these  again  combine  mostly  only  with  the  soluble  sulphides 
possessed  of  an  alkaline  reaction  ; or,  if  combined  with  the  sulphides 
of  the  heavy  metals,  as  in  certain  minerals,  they  are  readily  decom- 
posed by  chemical  agencies.  . 

The  following  is  a list  of  some  of  the  more  important  sulpho-salts 
compared  with  tlio  corresponding  oxy-salts  : 


Oxy-salts. 

SnNao3  Disodic  stannite. 
SnONao2  Disodic  stannate. 

AsKo3  Tripotassic  arsenite. 

AsONao3  Trisodie  arseniate. 
SbOKo  Potassic  metantimonite. 

Sb02Ko  Potassic  metantimoniate. 


Sulpho-salts. 

SnNasj  Pisulpliosodic  sulphostannite. 

SnSNas3  Disulphosodic  suiphostannate. 

AsKs3  Trisulpliopotassic  sulpharse- 
nito. 

AsSNas3  Trisulphosodic  sulplmrseniate. 

SbSKs  Sulphopotassic  metasulphanti- 
monite. 

SbS3Ks  Sulphopotassic  metasulphanti- 
moniate. 


In  these  sulphur  compounds  the  radical  Nas,  sodiumsulphyl  occu- 
pies the  place  of  the  compound  radical  Nao,  sodoxyl.  In  like 

manner 

Ks  Potassiumsulphyl  occupies  the  place  of  Ko  Potassoxyl. 

Ams  Ammoniumsulphyl  „ Amo  Ammonoxyl. 

Bas"  Bariumsulpliyl  „ Bao  Baroxyl. 

Cas”  Calciumsulphyl  „ Cao  Calcmmoxyl, 

in  the  analogous  sulpho-salts. 

Instances  of  some  interesting  natural  sulpho-salts,  to  be  con- 
sidered more  fully  under  silver  and  lead,  are : 

AsAgs,  trisulph argentic  sulpliarsenite  (proustite). 

SbAgsil  trisulpkargentic  orthosulphantimomte  ( pyrargynte  or  dark  ted 

ore)  8UlphocuproBo  ferrous  pyrosulpliantimonite ffahl  ore). 

Sb  PbX  trisulphoplumbio  orthosulphantimonile  (boulanyentej. 
Sb2lJbs"2(Cu2S"3)"1  disulphoplumbic  sulphocuprous  orthoaulphantimomte 

( hournonite ). 


SUBDIVISION  OF  GROUP  II. 
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SB.S-iPbs'Tbs".,  trisulphoplumbic  metasulpkantimonite*  (. jamesonite ). 

Treat  another  portion  of  the  above  S II2  precipitate  with  NaHo  or  Kilo  and 
filter  olf.  A black  residue  is  likewise  left,  and  on  adding  dilute  HCl  to  the 
filtrate,  AsoS3,  Sb:S3,  SnS  and  SnS2  are  reprecipitated. 

This  shows  that  the  hydrates  of  the  alkali  metals  dissolve  a por- 
tion of  the  sulphides  precipitated  by  S IT2  in  Qroup  II.  The  following 
equations  explain  the  action  of  the  alkaline  hydrates  : 

Sb2S3  + 6KH0  = SbKs3  + SbKo3  + 30H2. 

Antimonious  Trisulphopotassic  Tripotassic 

sulphide.  sulphantimonite.  antimonite. 

As,S3  + 4KHo  = AsHsKs2  + AsHoKo2  + OH2. 

Arsenious  Sulpkhydric  Hydric  dipotassic 

sulphide.  disulphopotassic  arseuite. 

sulpkarsenite. 

2SnS  + 4KHo  = SnKs2  + SnKo2  + 20H2. 

Stannous  Disulphopotassic  Dipotassic 

sulphide.  sulphostannite.  stanuite. 

c 2SnS2  + 4NaHo  = SnSNas2  + SnONao2  + OH2  + SH2. 

Stannic  Disulphosodic  Disodic 

sulphide.  sulphostannate.  stannate. 

Addition  of  hydrochloric  acid  reprecipitates  the  sulphides,  thus  : — 
SbKs3  + SbKo3  + 6HC1  = Sb2S3  + 6KC1  + SOH2. 

Hence  the  metals  which  are  precipitated  by  SH2  in  Gronp  II 
can  be  subdivided  by  means  of  SAm2  or  NaHo  into — 

A.  Metals  whose  sulphides  act  as  sulpho-bases,  viz.,  the  sulphides 
of  Hg,  Pb,  Bi,  Cu,  and  Cd.  These  are  insoluble  in  ammonic 
sulphide  (HgS  dissolves  to  some  extent  in  potassic  or  sodic 
sulphide  ; CuS  is  somewhat  soluble  in  ammonic  sulphide). 

B.  Metals  whose  sulphides  act  as  sidpho-acids,  viz,,  the  sulphides 
of  As,  Sb,  Sn  (Au,  Pt). 

Group  II.  Subdivision  A. 

1.  Mercury.  Hg". — Occurs  native,  but  is  chiefly  obtained 

from  cinnabar  or  mercuric  sulphide,  HgS. 

EXAMINATION  IN  THE  DRY  WAY. 

Add  a little  finely-divided  lead  or  zinc  to  a few  globules  of  mercury  on  a 
watch-glass.  The  liquid  metal  mercury  becomes  thick  and  pasty  by  the  com- 
bination with  the  solid  metal  lead  or  zinc.  It  enters  into  combination  with 
the  lead,  in  the  cold,  to  form  an  amalgam.  Other  metals  combine  with  mercury 
only  when  heated. 

The  term  amalgam  is  applied  to  the  combinations  into  which 

# This  compound  may  also  be  viewed  as  Sb2S2I;>bs"  (sulphoplumbicinetasulph- 
antimonite)  and  Sb2SPbs"2  (sulphopluinbic  pyrosulpkantimonite). 
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MERCURY. 


mercury  enters  with,  other  metals.  Combinations  between  metals, 
other  than  mercury,  are  called  alloys.  This  property  of  mercuiy 
has  received  an  important  application  in  the  extraction  ot  gold 
and  silver  from  poor  ores  by  the  so-called  amalgamation  process. 
Mercury  can  be  separated  again  by  distillation,  gold  and  silver  being 

1 ' f * T he ncomb inati  on  of  the  metal  mercury  with  other  metals  is 
obviously  due  to  its  liquid  condition  at  the  ordinary  temperature, 
which  facilitates  its  being  brought  into  intimate  contact  with  other 
metals.  This  contact  action  is  materially  increased,  it  the  solid 
metals  are  offered  to  the  mercury  in  a finely-divided  condition,  or  m 
the  form  of  foil— an  amalgam  of  4 parts  of  tm  and  1 part  of  mercury 
is  employed  for  covering  looking-glasses— and  by  rubbing  the  two 
metals  together  in  a mortar. 

Heat  somo  cinnabar  iu  a small  flask  with  narrow  neck,  loosely  closed  with  a 
niece  of  charcoal.  HgS  sublimes  without  undergoing  any  chemical  change 

Heat  a little  cinnnbar  in  a piece  of  glass  tube  open  at  both  ends,  and  allow  a 
current  of  air  to  pass  over  it.  Hg  is  seen  to  condense  in  the  form  of  a metafile 
mirror  towards  the  further  end  of  the  tube,  and  S02  makes  itself  perceptible  by 

itS  Heat  about  two  parts  of  yellow  mercuric  oxide  and  one  part  of  mercuric  sul- 
phide in  a test  tube!  Metallic  mercury  sublimes  and  sulphurous  anhydride  is 
given  oiT,  according  to  the  oquation  : 

HgS  + 2HgO  = Hg3  + S02. 

Introduce  some  cinnabar  into  a small  tubulated  retort  connected  with  a tuc- 
ked receiver  and  gas  delivery-tube,  and  pass  through  the  lubulus  oi  the  retoit 
current^  of  air  or  oxygen  from  a gas-holder,  and  heat  gently  A blue  flame 
nlavimr  over  the  HgS  indicates  that  combustion  takes  place.  Mercuiy  distils 
d condenses  partly  in  the  neck  of  the  retort  and  partly  m the  receiver  Sul- 
a id  C = P y delivery-tube  and  is  readily  recognized  by  its 

pomed  into  tlio  ..lutiou  tested  w.U, 

litmus-paper. 

This  illustrates  the  mode  of  extraction  of  mercury  from  its 
principal  ore.  Cinnabar  is  roasted  m a reverberatory  iurnace,  and 
proper  provision  is  made  for  the  condensation  of  the  vapour  of 
Mercury  i chambers  and  fines.  The  sulphurous  anhydride  is 

aliowed^to  eseapeif  ^ ^ ptSa)  parts  with  its  sulphur 

when  roasted  in  the  air,  and  yields  the  metal:  it  is  w fact  *o 

the  metallic  state  by  oxygen,  owing  to  the  weak  affinity  which  exis 

between  the  metal  mercury  and  the  non-metal  sulphur  and  owing 

hkewise  to  its  weak  affinity  for  oxygen,  on  account  of  which  the 
HgO  (and  OAgo)  first  formed  gives  up  its  oxygen  again  to  a fresh 

qUaHyffi-ogengfnd°cartfni>  copper  tin,  zinc,  cte  rccbicc  HgS  at  a 
t • i { formino-  with  the  sulphur  SH2,  Cb2  f cai  borne 

SpBde)  CaS,’etc.  The  uutire  HgS  is,  however,  best  reduced 
by  the  action  of  strong  bases,  such  as  lime  or  soda. 

. ■,  ;ii  riv,v  rONaon  and  heat  in  a little  tube,  scaled  up 

Mix  %lltfcl'“  £b  Metallic  mercury  sublimes  and  forms  a 

SiZrll.X tl.e  sulphur  U lixed  by  tl.o  ,lk.U 


MERCUROUS  AND  MERCURIC  SALTS. 
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REACTIONS  IN  THE  WET  WAT. 


Mercury  forms  two  series  of  salts  : mercurous  anil  mercuric  salts. 
It  dissolves  readily  in  nitric  acid,  even  in  the  cold,  forming  mer- 
curous nitrate,  if  the  mercury  he  in  excess,  and  mercuric  nitrate,  if 
the  acid  be  in  excess.  These  salts  have  the  composition 


The  oxygen  atom  being  in  the  one  case  linked  to  two  atoms  of 

the  dyad  mercury,  thus,  j tlie  mercury  atoms  being  held 

together  by  one  of  their  bonds,  as  well  as  by  the  bonds  of  the  oxygen 
atom ; in  the  other  to  one  atom,  thus  : — Hg=0. 

Mercurous  oxide  exhibits  a tendency  to  combine  with  another 
atom  of  oxygen,  or  when  exposed  to  heat,  to  part  with  one  atom  of 
mercury  and  to  become  converted  into  mercnric  oxide.  Hence  we 
possess  in  mercurous  salts  powerful  reducing  agents. 

On  account  of  the  insoluble  chloride  which  TIg'2'  forms,  we  shall 
consider  its  reactions  in  connection  with  the  reactions  for  silver  and 
lead  in  Group  I. 

In  order  to  study  the  reactions  of  mercuric  salts,  we  can  either 

NOo 

employ  a solution  of  mercuric  nitrate,  jq-()3Hgo’',  or  mercuric 

chloride,  HgCl2  ( corrosive  sublimate'). 

SH2  (group-reagent)  added  to  HgCl2  gives  a black  precipitate 
of  mercuric  sulphide,  HgS.  The  precipitation  is  marked  by  charac- 
teristic changes  of  colour.  Accordingly  as  sulphuretted  hydrogen 
water  is  added  in  small  quantities,  or  the  gas  passed  slowly  through 
the  solution,  it  produces  at  first  a perfectly  white  precipitate,  and  on 
the  addition  of  more  SH2,  a yellow  precipitate  which  passes  through 
dirty  yellow  to  brown,  and  becomes  black  only  when  excess  of  SH2 
has  been  added  to  the  mercuric  salt.  The  white,  yellow,  or  brown 
precipitate  consists  of  varying  quantities  of  HgS  and  HgCl2. 


chloride).  HgS  is  insoluble  in  nitric  or  hydrochloric  acid  and  in 
yellow  ammonic  sulphide,  potassic  hydrate,  or  potassic  cyanide ; 
soluble,  however,  in  aqua  regia  and  in  potassic  or  sodic  sulphide  in 
the  presence  of  sodic  hydrate,  but  insoluble  in  their  sulphhydrates. 
Long  digestion  with  concentrated  nitric  acid  converts  the  black 
HgS  into  a white  body  consisting  of  ‘2HgS  + N204Hgo". 

SAnq  gives  the  same  precipitate. 


Mercm’ous 

nitrate. 


Mercuric 

nitrate. 


Mercurous  salts  contaiu  HgO  : mercuric  salts,  HgO. 

Mercurous  oxide.  Mercuric  oxide. 
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REACTIONS  FOR  MERCURIC  SALTS. 


NaHo  or  KHo  added  in  excess  produces  a yelloiv  precipitate  of 
mercuric  oxide,  HgO,  insoluble  in  excess. 

AmHo  produces  a white  precipitate  of  mercuric  salt  and  mcrcu- 
r amide,  known  as  the  “ white  precipitate.” 

N'"2H4Hg"  + HgCl2  = 2(NH,Hg"01). 

Mercurammonic 

chloride. 


CONaon  or  COIvo2  gives  a reddish  brown  basic  precipitate. 

KI  gives  a bright  red  precipitate  of  mercuric  iodide,  HgT2, 
soluble  either  in  excess  of  potassic  iodide  or  of  the  mercuric  salt. 
Hgr2,  as  well  as  HgCl2  and  HgBr2,  sublime  unchanged. 

KCv  gives  with  mercuric  nitrate  (not  the  chloride)  a white  pre- 
cipitate of  mercuric  cyanide,  HgCy2,  soluble  in  excess ; not  decom- 
posed by  boiling  with  alkalies  or  alkaline  carbonates,  but  only  by 
SHo. 

* Mercuric  salts  are  readily  reduced  to  mercurous  salts : 

SnCl,  (stannous  cl.lorldc)  gives  with  mercuric  salts  aw  We  pre- 
cipitate of  mercurous  chloride,  Hg2Cl2,  which  when  boiled  with 
excess  of  the  reagent,  is  reduced  to  grey  metallic  mercury  On  pour- 
ing  off  the  solution  and  boiling  the  grey  precipitate  with  HOI,  the 
mercury  is  obtained  in  little  globules. 

S02Feo"  (ferrous  sulphate)  reduces  NO*Hgo'',  but  not  HgCl2, 

to  the  metallic  state.  . . ,. 

Cu,  Zn,  Fe  precipitate  metallic  mercury  from  mercuric  solutions, 

nrovided  they  are  not  too  acid. 

Mercuric  salts  act  the  part  of  oxidizing  agents;  they  are  first  re- 
duced to  mercurous  salts,  and  finally  to  metallic  mercury. 

QUESTIONS  AND  EXERCISES. 

i wi  i a understood  bv  the  terms  sulpho-base,  sulpho-acid,  sulpho-salt  ? 

I X»V aphhy  *&»,  „a  polpulphide.,  «fd  .fie  how 

tlicv  can  be  distinguished  by  treatment  with  11  Cl. 
a ("live  instances  of  sulpho-salts  together  with  the  corresponding  oxy-salts. 

4 WrTte'mit'the  graphic  formula!  of  a few  sulpho-salts  and  of  the  minerals 

, ; a. 

, 

, - — 
, -i* — — 

trives  with  the  group  and  special  reagents. 

1? 

12'  'TSSSi  proof,  if  Ibo  ..fomioilj  of  morour,  U> 

and  mercuric  compounds. 
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13.  How  is  corrosive  sublimate  manufactured,  and  whence  does  it  derive  its 

name  P 

14.  1-5  grin,  of  Hg-CL  is  precipitated  as  HgS  and  collected  on  a weighed  filler. 

How  much  by  "weight  of  Hg-S  should  there  be  obtained  P 

15.  Cinnabar  is  sometimes  found  adulterated  with  red  lead,  red  oxide  of  iron, 

brick-dust.  State  how  you  would  discover  the  adulteration.  (No  sepa- 
ration of  the  impurities  from  each  other  is  required). 

16.  What  reaction  takes  place  when  mercury  is  acted  upon  by  concentrated  sul- 

phuric acid  ? and  by  what  consecutive  stages  is  the  product  of  this  reaction 
converted  into  white  ‘precipitate  1 

17.  How  much  metallic  mercury  will  100  lb.  of  cinnabar  yield  when  distilled 

with  lime  ? 

18.  What  is  the  percentage  composition  of  an  amalgam  containing  Sn4Hg  ? 


2.  LEAD,  Pb"  and  iv. — Only  a slight  precipitate  of  PbS  is  for 
the  most  part  obtained  in  Group  II,  since  tbe  greater  part  of  the 
lead  is  removed  in  Group  I as  PbCl2.  It  happens  frequently  that 
this  small  quantity  of  lead  is  not  precipitated  by  SH2,  on  account 
of  the  solution  being  too  acid  (HC1),  or  too  concentrated,  in  which 
case  a little  lead  is  found  in  Group  III,  and  is  often  mistaken  for 
some  other  metal.  It  is  necessary,  therefore,  to  dilute  a portion  of 
the  filtrate  from  Group  II  considerably  and  to  pass  a current  of 
SH2  through,  in  order  to  make  sure  of  the  presence  of  lead,  espe- 
cially so,  when  lead  has  been  discovered  in  Group  I ; and,  if  a pre- 
cipitate be  obtained,  to  pass  the  gas  once  more  through  the  whole 
of  the  filtrate,  after  having  diluted  it  considerably  with  distilled 
water. 

3.  BISMUTH,  Bi'"  and  v. — This  metal  is  principally  found 
native;  also  in  combination  with  oxygen  and  sulphur,  as  bismuth 
ochre , Bi203,  from  the  decomposition  of  bismuth  glance , Bi3S3,  and 
in  the  form  of  sulpho-salts,  as  hobellite,  Bi2Pbs"3  (trisulphoplumbic 
orthosulpho-bismuthite),  and  as  needle  ore , Bi2Pbs''2('Cu'2S2)", 
disulphoplumbo-cuprous  orthosulpho-bismuthite. 

EXAMINATION  IN  THE  DRY  WAY. 

The  metal  bismuth  fuses  with  ease,  both  in  the  reducing  and 
oxidizing  flame  of  the  blowpipe,  covering  the  charcoal  with  an 
incrustation  of  oxide,  orange  yellow,  while  hot,  lemon  yellow,  when 
cold , passing  at  the  edges  into  a bluish  white.  The  incrustation  can 
be  driven  from  place  to  place  by  either  flame,  without  colouring  tbe 
outer  flame.  (Distinction  from  Lead.)  Heated  with  borax  or 
microcosmic  salt,  Bi203  gives  beads  which  are  yelloivish,  when  hot, 
and  colourless,  when  cold.  All  bismuth  compounds  can  be  reduced 
to  the  metallic  state  by  heating  on  charcoal  with  CONao2,  in  the 
inner  or  reducing  flame.  The  metallic  bead  is  brittle.  (Distinction 
from  Lead  and  Silver  Beads.)  The  incrustation  is  yellow. 

examination  in  the  wet  way. 

Bismuth  dissolves  readily  in  nitric  acid,  forming  N306Bio"'.  A 
solution  of  this  salt  is  conveniently  employed. 
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BISMUTH. 


SH2  (group-reagent)  gives  a brownish  black  precipitate  of 
bismutlious  sulphide,  Bi2S3,  insoluble  in  dilute  acids,  in  alkalies  and 
in  alkaline  sulphides  ; soluble  iu  concentrated  nitric  acid. 

Alkaline  sulphides  give  tbe  same  precipitate.  _ 

KHo,  Hallo  and  AmHo  produce  a white  precipitate  ot  bis- 
muthous’  hydrate,  BiHo3,  insoluble  in  excess  ; on  boiling  it  turns 
yellow,  i.e.,  it  becomes  anhydrous  (Bi203).  , 

COAmoj  or  C01Srao2  throws  down  a white  bulky  precipitate  ot 
basic  carbonate  (bismuthylic  carbonate)  (consisting  of  one  mol.  o 

carbonate  and  two  of  the  oxide,  C303Bio"'2,  2Bl203)  — C0(Bi02)  2, 
graphic  formula : — 

0=13  i — 0 — C — 0 — Bi=0 


0 

in  which  the  compound  radical  blsmnthyl,  BiO,  acts  the  part  of  H 
in  Ho.  The  precipitate  is  insoluble  in  excess.  . , . 

Cr,06Ko2  gives  a yellow  precipitate  of  basic  chromate  (consisting 
of  one  mol.  of  bismnthous  hexachromate,  CiyO^Bio  2,  and  two  mo  . 

f Cr0a(Bl02) 

of  bismutlious  oxide,  2Bi203)  = s v 1C<XC'  ^ so  u e 

[ Cr02(Bi02) 

dilute  nitric  acid,  insoluble  in  potassic  hydrate.  (Distinction  from 

Plumbic  Chromate.)  t 

S02Ho2  gives  no  precipitate.  (Distinction  from  Lead.) 

KI  produces  a brown  precipitate  of  bismutlious  Iodide,  Bil3)  soluble  in 
“Toy  produces  a white  precipitate,  insoluble  in  excess,  soluble  in  acids. 

Bismnthous  salts  are  partially  decomposed  by  water,  a basic  salt 
beinfp“eciphated.  The  addition  of  an  acid  redissolves  the  prem- 
■nitate 1 This  constitutes  the  most  characteristic  reaction  for  bis- 
mnthous  salts.  The  salt  most  readily  precipitated  is  the  chloride 
(BiCl3).  It  can  be  prepared  from  the  nitrate  by  precipi  a i g 

oxide  first  and  then  filtering  and  dissolving  the  precipitate  off  the 

fiffer  wTth  dilute  hydrochloric  acid.  Excess  of  acid  should  be 
Ogives 

2“  S ”bSST£SLS  inAarfcaric  ac„. 

(Distinction  from  Antimony.)  , 

^ Metallic  zinc  precipitates  bismuth  from  its  salts. 

Brsmnihous  salts  exhibit  a tendency  to  form  basic  salts,  showing 
+i  "Ri  D its  a verv  indifferent  and  weak  base. 

There  are  ievS  other  oxides  known,  e.g.,  blsmuthic  oxide  or 
anhydride,  Bi206,  which  parts  readily  with  two  atoms  of  oxygen, 
when  heated  or  acted  upon  by  reducing  agents. 


COPPER. 


63 


QUESTIONS  AND  EXERCISES. 

1.  How  can  Bi  be  separated  from  Ag,  Pb,  or  Hg  ? 

2.  Express  in  symbolic  equations  the  reactions  which  a bismuthous  salt  gives 

with  different  reagents  in  the  wet  way. 

3.  Give  the  graphic  formulae  for  bismuthous  nitrate,  bismuthous  oxide,  bismuth 

glance,  bismuthous  oxychloride. 

4.  Calculate  the  percentage  composition  of  an  alloy  of  1 atom  of  Pb,  1 atom 

of  Sn,  and  3 atoms  of  Bi. 

5.  1-245  grm.  of  Bi.,03  are  obtained  from  10  c.c.  of  a solution  of  normal  bis- 

muthous nitrate.  How  much  metallic  bismuth  does  a litre  of  the  bismuth 
solution  contain  ? 


4.  COPPER,  Cu". — This  metal  is  found  native;  also  in  combi- 
nation with  oxygen  and  sulphur,  as  red  capper  ore  or  ruby  ore , Cu20, 
as  vitreous  copper  or  copper  glance,  Cu2S,  and  indigo  copper  or  blue 
copper,  CuS ; more  frequently  as  copper  pyrites,  Fe2S3,Cu2S  = 

r TPog 

1 FeS^U2^2^,<’  (t^'err'c  cuprous  tetrasulphide),  and  variegated 

r Fe 

copper  or  horseflesh  ore,  Fe2S3,3Cu2S  = < pe  (Cu2S2)"3,  (diferric 

tricuprous  hexasulphide) ; also  as  fahl  ore,  bournonite,  etc.  ; in 
combination  with  carbonio  acid,  as  basic  carbonate,  malachite, 
CO(OCuHo)'2,  and  azurite,  mountain  blue,  or  copper  azure, 


CHoCim'1^0”  ’ SULPHURIC  ACID>  as  blue  vitriol,  S02Cuo",5OH2; 

with  phosphoric  acid,  as  pliosphorocalcite,  libethenite  ; with  arsenious 
acid,  as  tennantite ; silicic  acid,  as  dioptase,  and  others. 


EXAMINATION  IN  THE  DRY  WAY. 

Copper  minerals  form  a very  numerous  class  of  ores ; and  as 
many  of  them  exhibit  precisely  similar  blowpipe  reactions,  a know- 
ledge of  their  physical  character  is  indispensable  to  enable  the 
student  to  distinguish  readily  between  them.  It  is  advisable  to 
examine  the  doubtful  ores  in  the  wet  way  also. 

The  most  characteristic  reaction  in  the  dry  way  is  that  which 
copper  compounds  give,  when  heated  in  a bead  of  borax  or  micro- 
cosmic  salt  before  the  blowpipe  flame.  The  bead  is  green  whilst 
hot,  blue  on  cooling.  Most  copper  compounds,  when  heated  on 
platinum  wire  in  the  inner  flame,  impart  an  intense  green  colour  to 
the  outer  flame.  All  copper  compounds  are  reduced  when  heated 
in  the  inner  flame  on  charcoal,  together  with  CONao2  and  KCy, 
yielding  red  metallic  scales.  Sulphides  give  off  S02,  when  roasted 
in  an  open  tube,  and  leave  CuO  behind.  Malachite  or  azurite  gives 
off  water  and  carbonic  anydride  when  gently  heated  in  a tube. 
Blue  vitriol  loses  water,  sulphurous  anhydride  and  oxygen,  and 
leaves  cupric  oxide.  Cupric  phosphate,  arseniate,  and  silicate  fuse 
to  coloured  glasses. 

Metallic  copper  is  not  affected  in  dry  air  at  the  ordinary  temperature,  but 
is  readily  oxidized  when  heated  in  air  or  oxygen  and  converted  into  black 
cupric  oxide.  Hydrochloric  acid  in  the  presence  of  air  dissolves  copper  but 


04  REACTIONS  FOR  CUPRIC  SALTS. 

slmhtlv  forming  Cu,Cl, ; nitric  acid  is  tlie  most  active  solvent  for  copper  (as  it 
. 5 n’  -p-  -pu  ' jlil  forming  cupric  nitrate.  Sulphuric  acid  (concern 

•*  s0=-  “d  of 

80  qOHo  acts  here  the  part  of  an  oxidizing  agent.  This  method  of  preparing 
sulphurous2  anhydride  gas  is  frequently  employed  m the  laboratory  m preference 
to  other  methods. 

EXAMINATION  IN  THE  WET  WAT. 

A SOLUTION  OF  CUPRIC  SULPHATE,  S02Cuo",  or  CUPRIC  NITRATE, 
^^2Cuo",  may  conveniently  be  employed. 

N%t  ( ’ p -reagent)  gives  a brownish  blade  precipitate  of  cupric 

sulptScCuS "insolubli  in  dilute  acids;  slightly  soluble  m yellow 
amnionic  sulphide  ; soluble  with  decomposition  m nitric  acid  ; com- 
ptetcly  soluble  in  potassic  cyanide  ; insoluble  m Kta«u>  and  sodic 
,es  or  caustic  alkalies.  CuS  is  rapidly  oxidized  to  S02Cuo 
sulphides,  is  insoluble  {n  hot  dilute  sulphuric  acid. 

’J  SAms  produces  the' same  precipitate,  somewhat  soluble  m excess, 

“Pn”ho  or  cu,,r,c  'Ta“- 

CnHo  The  precipitate  tarns  black  on  boiling  and  becomes  denser. 

?^e°ho,ecirof  ’cuHo  bse  two  tnolec^  rf  OH. 

s"°"  - *r  S"T 

position  CO(OCu'TIo)'2,  graphic  formula  0 = C\0-Cn— O-H’ 

, . r i,;rm  hoino- evolved.  This  precipitate  is  converted  on 

carbonic  anhydride  being  qCuO  OIL  It  is  soluble  m 

cy“ide  t0  * 

colourless  fluid  formmg  a quantities,  produces  a 

A m Ho  oi  hUiimoi,  vv  wbich  dissolves  readily  m 

greenish  blue  / forul8  a magnificent  azure  blue  liquid, -a 

excess  of  the  reagents  a contains  small  traces  of  copper 

W I6  " The  a double  compound  of  cupra— 

hydrate  Nv2H6Cu"Ho2,  and  amnionic  sulphate,  or  ammomo  cup 
15  ’ ~TT  » p NH30u021"  whence  the 

sulphate,  symbolic  formula,  SHoAmo,  [ NHsLl  J ’ 

black  cupric  oxide  separates  »”  ^i^MpJio'iiydrate  and 

to  co'ppcr  to  combine 

% •*  “J  IS? rSSte  o/cu.mmcranb.c,  OuCy., 

KCy  precipitate  from  this  solution, 

soluble  m excess.  | ?■ j irown  precipitate  of  cupric  fcrrocyanide, 

KiPeCya  gives  a redMtovumv  ^ d by  potaBsicor  sodic 

Cu2TeCyo,  insoluble  m gCuO’oiIa.  Even  in  very  dilute  solu- 

hydrate,  with  separation  ot  2. 


PRECIPITATION  OF  COPPER  BY  VOLTAIC  ACTION. 
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tions  of  copper  salts  a brownish  colour  is  produced, — best  seen  when 
the  reaction  is  performed  on  a watch  glass,  placed  on  a sheet  of 
white  paper  or  in  a little  porcelain  dish.  Hence  KiFeCy6  supplies 
one  of  the  most  delicate  reactions  for  copper  salts. 

Metallic  zinc  or  iron  precipitates  metallic  copper,  especially  in 
the  presence  of  a little  free  hydrochloric  acid,  if  a few  drops  of  a 
slightly  acidulated  dilute  copper  solution  are  placed  on  platinum  foil 
(the  lid  of  a platinum  crucible),  together  with  a small  piece  of  sheet 
zinc,  the  platinum  becomes  rapidly  coated  with  a reddish  film  of 
metallic  copper,  visible  even  in  the  case  of  very  dilute  solutions,  an 
equivalent  quantity  of  the  m etal  zinc  being  dissolved. 


Fig.  7. 


This  simple  experiment  requires  some  explanation.  Bright  copper  is  not 
attacked  by  dilute  hydrochloric  or  sulphuric  acid.  Metals  such  as  Pb,  Hg,  Ag, 
Au,  Pt  are  also  indifferent  to  dilute  hydrochloric  or  sulphuric  acid,  whilst  zinc 
and  iron  are  readily  dissolved  with  evolution  of  hydrogen,  the  metals  taking  the 
place  of  the  hydrogen  in  two  molecules  of  hydrochloric  acid. 

By  the  aid  of  voltaic  electricity,  however,  we  are  enabled  to  dissolve  metals 
in  dilute  hydrochloric  or  sulphuric  acid,  which  are  either  not  dissolved  at  all, 
such  as  copper,  or  dissolve  only  with  difficulty,  such  as  the  metal  tin.  This  is 
done  by  connecting  the  positive  pole  of  a voltaic  battery  with  a piece  of  the 
metal  to  be  dissolved,  and  the  negative  pole  with  a platinum  wire  ending  in  a 
piece  of  platinum  foil.  Both  electrodes  dip  into  the  dilute  hydrochloric  or 
sulphuric  acid  solutions. 

Connect  the  positive  pole,  a , with  a piece  of  sheet  copper  or  a coil  of  copper 
wire,  placed  in  dilute  sulphuric  acid,  contained  in  a glass  basn,  as  seen  in  Fig.  7. 
The  negative  pole,  b,  consisting  of  a platinum 
wire  fused  to  a strip  of  platinum  foil,  dips 
likewise  into  the  dilute  acid,  without  touching, 
however,  the  copper.  The  solution  turns  blue, 
owiug  to  the  formation  of  a blue  cupric  salt, 
and  the  sheet  of  metallic  copper  or  the  copper 
wire  dissolves  after  some  time.  Hydrogen  is 
evolved  at  the  negative  pole. 

This  shows  that  the  action  of  dilute  acids  upon  copper  which  is  nil  at  the 
ordinary  temperature  is  very  energetic  when  we  call  voltaic  electricity  to  our 
aid. 

The  reaction  will  be  readily  understood,  if  it  be  remembered  what  takes  place 
when  water  is  decomposed  by  voltaic  electricity.  Hydrogen  is  obtained  at  the 
negative  and  oxygen  at  the  positive  electrode,  because  the  latter  consists  likewise 
of  platinum,  a metal  which  has  no  affinity  for  oxygen.  Hence  both  constituents 
ot  water,  hydrogen  and  oxygen,  are  evolved  at  the  respective  poles.  Now,  if 
instead  of  water,  hydrochloric  acid  be  decomposed  in  like  manner,  chlorine  is 
evolved  at  the  positive  electrode.  If  the  positive  electrode  consists,  however,  of 
a metal,  such  as  Zn,  Cu,  Fe,  for  which  chlorine  possesses  a strong  affinity,  the 
latter  combines  with  these  metals,  the  moment  it  is  liberated  on  the  positive 
electrode,  or  as  it  is  termed  in  its  nascent  state  (in  statu  nascendi) , and  hydrogen 
alone  is  evolved  at  the  negative  pole.  6 

If  in  the  place  of  hydrochloric  or  sulphuric  acid,  we  employ  a dilute  solution 
ol  a metallic  chloride  or  sulphate,  e.g.,  cupric  sulphate,  S02Cuo"  and  dip  the 
two  electrodes  into  it,  we  observe  at  the  negative  (platinum)  electrode  instantane- 
ously a red  film  or  deposit  of  metallic  copper,  whilst  at  the  positive  electrode, 
consisting  ot  metallic  zinc,  no  evolution  of  gas  is  visible,  since  the  zinc  is  acted 
orf  v « a acl<*  liberated  from  the  copper,  and  is  converted  thereby  into 
, 2 An0  - An  equivalent  quantity  (65  parts  by  weight)  of  zinc  remains  dis- 
solved in  the  acid  for  the  63'5  parts  by  weight  of  copper,  precipitated  on  the 
p atmum  foil  or  crucible-lid.  In  this  manner  the  amount  of  copper  present  in  a 
solution  may  be  determined  quantitatively.  The  undissolvcd  zinc  and  zipcic  salt 


66 


CUPROUS  OXIDE. 


metallic  copper.  . • 

Tt  will  be  readily  perceived  tliat  this  and  other  similar  expei  1- 
merits  famish  valuable  illustrations  of  the  atomic  theory,  an  ey 

account  of  the  important  common  metals- 

f0lhd’a0toteto“li^VeoTSno”°e‘  metals  (electroplating,  silvering, 
platinizing)”  oHn  poncing 

Pass  a voltaic  current  throogl  a eolation  of  enprio 
of  copper  eleotroijes.  No  0 1 orme^  gna  is  „,ity  „[  copper  off  tlio 

immediately  again  f 1 0f  i L molccnloa  of  chlorine  and  copper 

positive  copper  electron  • . , , v>erceived ; it  is  nevertheless  proved  by 

in  the  solution  of  “uP“^^f°  f03itive  copped  electrode  and  the  increase  in  weight 
the  decrease  in  weight  ol  tho  P_  1 infer  fvom  this  that  the  copper  is  trans- 

tSUStt  Jffi. tthc  negative  ’2££S£, 

far  unaltered.  0f  Bome  obieot  he  hung  in  the  metallic 

If  a properly  PrePa^  ^ ole  0f  a voltaic  battery,  copper  will  be 

solution  and  connected  with  the  neg  X ^ long  fts  the  positive  pole  is  con- 
slowly  but  steadily  depos  . ^he  positive  electrode  in  the  bath.  The 

nected  with  a sheet  o£  ^P^^^aYately  restored  to  the  bath  by  the  dissolution 
copper  thus  precipitated  » ^6do  of  depositing  coppor  on  moulds  or 

of  a fresh  quantity  of  eopper.  1 ^ ^ eiectrotype  process. 

matrices  by  the  aid  of  voito  eleeti  ty  ‘ of  fche  BOiution  of  cupric  chloride, 
Employ  a solution  of  ai  gentic  ultra  T1  egativ0  electrode 

and  introduce  the  two  cooper  electrode.  ^tity  of  coW-*,  63  5 

is  speedily  covered  with  Bdver,  d coppor  electrode,  and  216  paite 

part,  by  weight,  "*-*£*%  monad  element)  am  deposited  on  the 

£d0a%»^”“pphhS«inJ  the  sil,enna  (electrcplating)  of  artistic  article, 

made  of  an  inferior  metal. 

Copper,  like  mercury  for™ > £ ^^Xeirbonds,  and  are 

SS  rue  h-m  of  le4»l£^„aiogous  iu  const, tutiou 
to  the  important  copper  ore,  Cu2b,  thus  . 


f 'Hg'o 

\'Hg' 


few 

VCu' 


0 


Mercurous  oxide. 


'Cu' 

Cuprous  oxide 
(red  copper  ore) . 


J'Cu'b 

\ 'Cu  ’ 
Cuprous  sulphide 
(copper  glance) . 


• c i in  VinQA  • it  forms  with  concentrated 

Cuprous  oxide  is  a ec  ’ CUoCl2,  which  is  colourless 

hydrochloric  acid  cupro  dccompoBe  it  into  metallic  copper  and 
i jSe,  SSS  fit  remains  dissolved  in  the  acid  as  a cupric 
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salt.  Cuprous  chloride  attracts  oxygen  very  rapidly,  and  is,  there- 
fore, a powerful  reducing  agent.  It  is  used  for  absorbing  carbonic 
oxide. 

To  A solution  of  cuprous  chloridb,  Cu2Cl2,  in  concentrated 
hydrochloric  acid,  add 

OHj,  a white  precipitate  of  Cu2Cl2  is  produced. 

KHo  gives  a yellow  precipitate  of  cuprous  hydrate,  Cu2Ho2,  in- 
soluble in  excess ; it  attracts  oxygen  very  rapidly,  being  converted 
into  cupric  hydrate. 

KI,  in  the  presence  of  SOHo2,  or  S02Feo'',  precipitates  from 
cupric  salts  greenish  white  cuprous  iodide,  Cu2I2,  soluble  in  excess. 
Both  sulphurous  acid  and  ferrous  sulphate  are  reducing  agents, 
which,  by  the  absorption  of  oxygen  from  the  cupric  salt,  are  con- 
verted into  S02Ho2  and  S306Fe2ovi,  thus : — 


(1) 

2 SO.  Cuo" 

+ 

2S02Feo''  = S02Cu2o' 

Cupric 

sulphate. 

Cuprous 

sulphate. 

(2) 

S02Cu2o" 

+ 

2KI  = Cu2I2 

Cuprous 

iodide. 

+ S3O0Fe2oyl. 

-b  S02Ko2. 


1. 

2. 

3. 

4. 


5. 

6. 

7. 

8. 


9. 

10. 

11. 

12. 

13. 

14. 

15. 


QUESTIONS  AND  EXERCISES. 


How  does  copper  occur  in  nature  P 

Express  in  symbolic  equations  tbe  reactions  of  copper  in  the  wet  way. 

Write  out  the  graphic  formula;  for  malachite,  copper  glance,  azurite,  and  blue 
vitriol,  ammonio-cupric  sulphate,  cuprous  iodide. 

Explain  what  takes  place — 


1st.  When  copper  is  treated  with  concentrated  NO. JTo. 

„ „ „ S02Ho2. 

3rd-  ••  „ „ HC1. 


Give  equations. 


Give  instances  of  the  oxidizing  action  of  cupric  salts. 

What  action  takes  place  when  the  polished  blade  of  a knife  is  plunged  into  a 
solution  of  a cupric  salt  ? 

How  much  metallic  zinc  is  required  to  precipitate  D5  grm.  of  copper  from  a 
cupric  solution  ? 

A sample  of  iron  pyrites  which  has  been  used  for  manufacturing  sulphuric 
acid  is  found  on  analysis  to  contain  4 56  per  cent,  of  copper.  How  much 
metallic  iron  is  inquired  to  precipitate  the  copper  from  a hydrochloric 
acid  solution  of  a ton  of  the  spent  pyrites  ? 

Explain  the  electrotype  process. 

"V\  hat  is  understood  by  nascent  hydrogen  ? 

AAhat  is  the  percentage  of  metallic  copper  in  malachite  ? 

How  is  Cu  separated  from  Ag  and  Pb  ? 

How  can  copper  in  CuS  be  separated  from  bismuth  in  Bi2S3  ? 

What  change  takes  place  when  metallic  copper  is  heated  in  air  ? 

How  much  hydrogen  gas  at  0°  and  760  mm.  pressure)  is  required  to  deprive 
grms.  of^  ignited  cupric  oxide  of  its  oxygen,  and  how  much  water  will 
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5.  CADMIUM,  Cd" .-This  metal  is 
■with  zinc,  in  certain  zinc  ores,  op,  anc  of  (.aririllv,m  being 

ES-rS  extremely meluS 

brown  name 

(W»  6*4,  is.,  it  is  converted  ““  “'^„n  of  hydrogen. 
Itr=HrrmSyzLat  being  dissolved  hy  boiling 
potassic  hydrate,  hydrogen  being  given  o 

fid  + 2KHo  = CdKo2  + H2. 


EXAMINATION  IN  THE  DRY  WAY.  _ . 

Cadmium  compounds,  when,  heated  £0™T 

flame,  mixed  with  sodic  ^ilv  Mdlocd  to  the  metallic  state ; the 
crnstation,  i.e.,  they  aie  li  ach  y passage  through  the 

metal  being  highly  volatile,  is  reoxid  ized  on  hspass; w\en  it 

outer  flame.  Cadmium  is  1 CC<I  r"r  instance  in  cadmiferous  blende. 
is  in  combination  with  zinc,  as  • t carbonate  and 

By  heating,  however,  a only  on.  charcoal,  a slight 

potassic  cyanide,  for  a cw  npt'\inable  before  the  zinc  is  volati- 
brown  incrustation  is  gcnei  a y p0rax  or  microcosmic  salt 

lized.  Cadmic  oxide  turns  the  head,  oi 
yellowish,  whilst  hot,  colourless  when  cold. 

reactions  in  the  wet  way. 

We  employ  a — or  caMIc  chlob.ue,  CdCU,  or  sulphate, 
S0  SH2  (group  reagent)  gives  ipsdubirin tlkaline^ mlphi des, 

precipitate  of  cadmic  suipliltf  , ’ inBOiut>le  in  cold,  hut  soluble 

soluble  also  in  ddute 

sulphuric  acid.  (Distinction  from  Copp  -) 

SAm2,  same  precipitate-  CdHo2,  insoluble  m 

KHo,  a white  precipitate  of  cadmic  »*•»»  > 

* — - 

donate,  COCdo",  insoluble  m excess. 

CONao2,  same  precipitate.  c cyanldC)  CdCy2,  soluble 

precipitates  from  this  solutmn 

C d Metallic  zin^j^^P^te^  cadmium  from  its  solutions. 

QUESTIONS  AND  EXERCISES. 

, Deacibe  tin.,  method,  of  »P*»«o»  of  Cd  from  Cm 

2.  How  is  Cd  separated  from  An-  Bi? 

3.  How  is  Cd  separated  from  lb,  Ag,  anu 
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4.  How  much  cadinic  sulphide  can  be  prepared  from  10  grrns.  of  crystallised 

cadmic  sulphate,  S02Cdo",40H2  P 

5.  What  takes  place  when  greenockite  is  roasted  in  a glass  tube  open  at  both 

ends  ? 

6.  How  is  the  metal  cadmium  converted  1st  into  oxide,  2nd  into  chloride,  3rd 

into  sulphate  ? 

7.  How  can  we  extract  cadmium  from  its  oxide  or  sulphide  ? 

8.  You  are  requested  to  convert  10  grms.  of  cadmic  sulphate  into  cadmic  bro- 

mide ; how  would  you  proceed,  and  how  much  Cd'Bro  should  there  be 
obtained  ? 


Separation  of  the  metals  of  Subdivision  A,  Group  II,  viz., 

MERCURY,  LEAD,  BISMUTH,  COPPER,  CADMIUM,  WHOSE  SULPHIDES  ARE 
INSOLUBLE  IN  AMMONIC  SULPHIDE  OR  SODIC  HYDRATE. 

The  precipitate  produced  by  the  group-reagent  S tl2,  which  is 
insoluble  in  amnionic  sulphide  or  so  die  hydrate,  may  consist  of  all 
the  five  sulphides,  or  only  of  one,  two,  etc.  A precipitate  of  a bright 
yellow  colour,  e.g.,  would  be  indicative  of  cadmic  sulphide  only.  If 
the  precipitate  be  black,  it  is  necessary  to  examine  for  all  the  five 
metals. 

We  have  already  seen  that  the  sulphides  of  the  metals  of  this 
subdivision  are — 

1st.  Insoluble  in  alkalies  and  alkaline  sulphides,  and 

2nd.  Insoluble  in  dilute  acids,  or  nearly  so  ; but  soluble  in  con- 
centrated acids. 

Concentrated  nitric  acid  (free  from  chlorine),  diluted  with  its 
own  bulk  of  water,  dissolves  four  out  of  the  five  sulphides,  viz.,  PbS, 
Bi2S3,  CuS,  and  CdS,  with  separation  of  sulphur ; mercuric  sulphide 
being  soluble  only  in  aqua  regia.  Hence  by  boiling  with  mode- 
rately concentrated  nitric  acid  (in  the  absence  of  HC1),  we  can 
separate  mercury  from  the  other  metals  of  subdivision  A.  Concen- 
trated nitric  acid  converts  PbS  partially  into  S02Pbo",  by  the 
simultaneous  oxidation  of  the  sulphur.  We  should,  therefore,  obtain 
in  the  residue  HgS,  as  well  as  S02Pbo''  and  sulphur.  But  as  the 
whole  of  the  PbS  can  be  converted  into  S02Pbo"  only  by  boiling 
with  fuming  nitric  acid,  and  as  S02Pbo''  is  slightly  soluble  in  con- 
centrated nitric  acid,  we  should  not  succeed  in  removing  the  lead 
entirely  as  sulphate.  This  difficulty  is  overcome  by  boiling  the 
whole  of  the  sulphides  with  moderately  concentrated  nitric  acid, 
then  diluting  with  water  and  adding  dilute  sulphuric  acid  (S02Pbo" 
being  less  soluble  in  dilute  sulphuric  acid  than  in  water),  and  lastly, 
when  cold,  adding  to  the  solution  its  own  bulk  of  alcohol  (methy- 
lated spirit).  A residue  is  left  which  maybe  white,  indicative  of  the 
presence  of  S02Pbo",  or  black,  from  the  presence  of  HgS  and  sul- 
phur. The  solution  contains  the  metals  Bi,  Cu,  Cd. 

Examination  of  the  Residue. — S02Pbo''  dissolves  readily  in 
certain  salts,  such  as  amnionic  acetate  or  tartrate.  By  treating 
the  residue,  therefore,  with  a concentrated  solution  of  ammonio 
acetate,  we  are  able  to  dissolve  out  the  S02Pbo".  The  absence  of 
mercury  compounds  may  be  inferred,  if  no  black  but  only  a yellow 
residue  of  sulphur,  is  left,  and  if  no  mercury  has  been  indicated  by 
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tlie  reactions  in  the  dry  way.  The  presence  of  both  lead  and 
mercury  should,  however,  invariably  he  confirmed  by  special  tests 
X,  tire  lead  h}  means  of  CrO,Ko»  and  the  mercury,  by  heatmg 
the  dr v residue  in  a bulb  tube  with  dry  sodic  carbonate 

eShi^on  o,  thu  Solution.— We  have  seen  that  AmHo 
■nrecinitates  BiHo3,  which  is  insoluble  m excess  whilst  CuHo2  and. 
CdHo  are  likewise  precipitated,  but  are  soluble  in  excess. 

,vh£  SpiE  be  obtained  on  adding  AmHo,  we  infer  that  bis- 
. P * i fQVmnld  the  lead  not  have  been  removed  entiiely, 

filtratenisPofT  fine  azme  blue  colour,  when  copper-even  m small 
liio'-is  nresent  If  colourless,  and  if,  by  the  addition  of  S1I2 

infer  the  presence  of  copper  anc  P y ' /'CdS  beine*  inso- 
meWs  cl  bo  separated  either ■ 17  °<  g£!  b “|  “o- 

luble  in  potassio  oyan.de),  or  ddu te  sulpl  unc  ac  d (O  » J ^ 

’«  - not  difficult 

l°  ^parSE  U ">  * 

- — 

‘“'I  tbEr  Eemetr  their  separation  is  given  in  the  Analytical 
Tables,  Table  II. 

You  are  requested  to  analyse 

1 1 ^mcUoES  idEniSLingmuch  mercuric  and  little  plumbic 
, A S™  of  the  .olid  blue  vitriol,  corrosive  sublimate,  ,.d  wluto 

4'  a “d  ”“*■  “ 47  “d 

5.  A solution  contnining  ^ . 

?:  1 SSS  **  ° 

Cu,  -020  grm.  of  Cd,  and  500  grm.  01  >on. 

8.  An  alloy  of  zinc  and  copper  (bra«;-  bismuthoU8  nitrates,  containing  '050 

»•  a Bi, 
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10.  A sample  of  copper  glance,  in  the  dry  way  only. 

11.  A sample  of  malachite,  in  the  dry  way. 

12.  A solution  of  plumbic  and  bismuthous  nitrates  (to  be  distinguished  by  means 

of  CrOoKo3  and  NaHo). 

13.  A solution  of  plumbic  and  cupric  nitrates. 

14.  What  takes  place  when  an  ore,  containing  PbS,  CdS,  and  ZnS,  is  roasted 

in  a current  of  air  ? 

15.  You  have  given  to  you  a solution  of  cupric  sulphato,  dipotassic  tartrate,  sodic 

hydrate,  and  grape  sugar  P what  changes  can  you  produce  with  these 
materials  ? 


Group  II.  Subdivision  B. 

1.  TIN,  Sn"  and  iv. — This  metal  is  found  in  nature  mainly  in 
the  form  of  tinstone  or  cassiterite , Sn02,  sometimes  combined  with 
sulphur,  as  tin  pyrites,  SnS2  (bell-metal  ore) . 

EXAMINATION  IN  THE  DRY  WAY. 

When  tin  minerals  are  fused  on  charcoal,  with  CONao2  and 
KCy,  in  a strongly  reducing  flame,  they  yield  small  globules  of  tin 
which  are  malleable,  and  the  charcoal  becomes  covered  with  a white 
coating  of  Sn02.  If  this  white  incrustation  be  treated  with  a solu- 
tion of  cobaltous  nitrate,  and  strongly  heated,  it  assumes  a bhiish- 
green  colour,  which  is  characteristic  of  tin. 

By  introducing  into  a borax  bead — in  which  sufficient  cupric  oxide  has  been 
diffused  to  render  the  bead  faintly  blue — traces  of  a tin  compound  and  heating 
in  the  reducing  flame,  the  bead  turns  reddish  brown,  or  forms  a ruby -red  glass. 


EXAMINATION  IN  THE  WET  WAY. 

Tinstone  being  insoluble  in  acids,  must  be  fused  with  alkaline 
carbonates  and  a reducing  agent,  such  as  potassic  cyanide,  charcoal, 
or  black  flux  (ignited  Rochelle  salt),  when  metallic  tin  is  obtained. 
Tin  dissolves  slowly  in  hot  hydrochloric  acid  with  evolution  of 
hydrogen  and  formation  of  SnCl2,  readily  in  aqua  regia  with  for- 
mation of  SnCl4.  Nitric  acid  converts  tin  into  metastannic  acid, 
Sn505Ho10,  which  by  evaporation  and  ignition  is  converted  into 
Sn02.  100  parts  by  weight  of  metallic  tin  when  thus  oxidized, 

are  found  to  increase  to  127' 6 by  weight  (atomic  weight  of  Sn  = 
118). 

Tin  is  capable  of  combining  either  witb  two,  or  four  atoms  of 
chlorine,  etc.  In  stannous  chloride,  SnCl2,  the  metal  exists  as  a 
dyad,  and  in  stannic  chloride,  SnCU,  as  a tetrad  element.  It  is 
capable  of  forming  two  series  of  salts,  of  oxides,  sulphides,  etc.,  viz. : — 


Stannous  compounds. 


Sn"Cl2 

Stannous 

chloride. 

SnlvCb 

Sn"0 

i) 

oxide. 

Sn,v02 

SO.Bno" 

» 

sulphate. 

SnlvS2 

N02o" 

N02  0 

i) 

nitrate. 

Sn"S 

)) 

sulphide. 

Stannic  compounds. 

Stannic  chloride. 

„ oxide  (anhydride). 
„ sulphide. 
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STANNOUS  COMPOUNDS. 


Stannic  acid,  SnOHo2,  combines  not  only  with  tbe  strong  alkali 
bases,  OK2,  ONa2,  bnt  even  with  stannous  oxide,  S nO,  to  form 
stannates,  e.g.,  SnOKo2,  dipotassic  stannate,  SnOSno  , stannous 

SfcaiAatStannous  compounds. — A SOLUTION  OF  STANNOUS  CHLORIDE, 

Sn  SH^f^up-rtient)  gives  a c lari  brown  precipitate  of  stannous 

sulphide  "snS,  insoluble  in  ammonia;  nearly  insoluble  m normal 

amnionic  sulphide,  but  readily  dissolved  by  ^ f 
from  tliis  latter  solution  it  is  reprecipitated  as  7° 

; ous 

XHo  or  Nallo  <nves  a white  bulky  precipitate  of  stannous 
J2  bTir  solubte  to  excess  to  S»K*  (dipotassic 

viewed  as  unfinished  bodies, , w i°B  ged  graphically,  dyad 

bodies  of  chlorine,  oxygc  , • 1 paa  two  t)0nds 

tin  (or  stannosum,  as  it  is  sometimes  called)  Has  two 

left  unsatisfied  or  latent,  thus:—  Cl— Sn— 01,  whilst  m tetrad 

1 Cl 

1 

tin  ( stannicum ) all  the  bonds  are  satisfied,  thus  Cl-  Sn 

Cl 


0 Sn  O.  produces  first  a white  precipitate  of 

to*  «-  - 

a greyish  powder  of  metallic  mcicmy.  divided  black  precipitate  of 

N02Ago  gives  with  excess  of  SnU2  a nneiy  u 

metallic  silver  N02a  //  , q^pi, 

2SnCl2  + 2N02Ago  = Ag2  + N02Sn° 

. , . , SnP1  to  cuprous  chloride,  Cu2Cl2,  with  formation 

CuCl2  is  reduced  by  SnU2  to  cupiuu 

of  SnCl4.  . „Vilnrine  to  Sn012,  forming  SnCl4,  and  leaving 

-i)  &$£*'!£!-*’  - A'" 

33nOi,  to.  been  assigned.  Hie  clmngc  m j l 

2Au01,  + 3SUC1,  + 60H,  - A»,  + 3S»0,  + 12H01, 

This  is  a most  delicate  reaction. 


STANNIC  COMPOUNDS. 
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B.  stannic  compounds— A SOLUTION  OF  STANNIC  CHLORIDE,  SnCl4, 
is  employed  in  studying  tlie  reactions  of  Sniv  in  the  wet  way. 

SH,  (group-reagent)  gives  a yellow  precipitate  of  stannic  sul- 
phide, SnS2,  readily  soluble  in  alkaline  sulphides,  potassic  hydrate, 
boiling  concentrated  hydrochloric  acid,  and  aqua  regia ; soluble, 
although  somewhat  difficultly,  in  amnionic  hydrate  (Distinction 
from  SnS),  and  nearly  insoluble  in  amnionic  carbonate. 

SAm2,  same  precipitate,  soluble  in  excess. 

KHo  or  AinHo  produces  a white  precipitate  of  stannic  hydrate, 
S11OH02,  or  stannic  acid,  which  is  completely  soluble  in  excess, 
forming  dipotassic  stannate,  soluble  in  hydrochloric  acid. 

COAmo2  or  CONTao2  precipitates  white  stannic  acid,  SnOHo2, 
soluble  in  caustic  alkalies. 

Stannic  chloride  furnishes  us,  moreover,  with  an  interesting  pro- 
cess of  precipitation,  viz.,  by  means  of  neutral  salts,  such  as  sodic 
sulphate,  amnionic  nitrate  (in  fact,  most  neutral  salts).  Metastannic 
acid  (Sn6O5Ho10)  is  precipitated  on  heating,  provided  the  solution 
of  stannic  chloride  be  not  too  acid,  thus : — 

5SnCU  + 20SO2Nao2  + 150H2  = Sn6O6Ho10  + 20bTaCl 
+ 20SO2HoNao. 

5SnCl4  + 20NO,Amo  + 150H2  = Sn6O5Ho10  + 20AmCl 

+ 20NO2Ho. 

Metallic  zinc  precipitates  from  acid  solutions  of  stannous  or 
stannic  chloride  metallic  tin  in  the  form  of  grey  lamime,  or  of  a 
spongy  mass  which  can  be  readily  dissolved  in  hydrochloric  acid, 
especially  by  the  aid  of  a piece  of  platinum  foil. 

Metallic  tin  or  copper  reduces  stannic  to  stannous  chloride, 
thus : — 

SnOU  + Sn  = 2SnCl2. 

A solution  of  stannous  chloride  (containing  hydrochloric  acid) 
cannot  be  kept,  when  exposed  to  air,  without  changing  rapidly  to 
stannic  chloride,  on  account  of  the  great  attraction  which  stannous 
salts  possess  for  oxygen,  thus : — 

(1)  SnCl2  + 0 = SnO  + Cl2. 

(2)  SnCl2  + 01a  = SnOU. 

(3)  SnO  + 2HC1  = SnCl2  + OH2. 

Hence  granulated  metallic  tin  or  pure  tinfoil  is  usually  put 
into  stannous  solutions  in  order  to  prevent  the  formation  of  stannic 
chloride. 

QUESTIONS  AND  EXERCISES. 

1.  How  do  you  detect  a stannic  salt  in  tho  presence  of  a stannous  salt? 

2.  Give  the  constitutional  and  graphic  formula:  for  metastannic  and  stannic 

acids,  stannous  and  stannic  chlorides. 
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3.  How  can  the  correctness  of  the  atomic  weight  assigned  to  tin  be  shown 

4.  Wh/does  a chemical  change  take  place  when  SnCl2  and  HgCl2  are  heated 

5.  Exphun'the  action  of  chlorine,  nitric  acid,  and  air  upon  stannous  salts. 

6.  How  is  Sn  separated  from  Ag  ? „ 

7 How  would  you  analyse  an  alloy  consisting  ot  I b,  Oil,  xsi,  on  r 

8.  A tinstone  yielded  on  analysis  77  5 per  cent,  of  metallic  tin  ; how  much  Sn02 

9.  How  much  chlorine  gas  by  weight  and  by  volume  (at  0°  and  760  mm.)  will  be 

absorbed,  by  10  grins,  of  S11OI2?  , . , , 

10.  Express  in  symbolic  formulae  the  equations  for  the  reactions,  m the  wet  way, 
of  stannous  and  stannic  clilorides. 


o ANTIMONY,  Sb'"  and  v. — This  metal  is  found  native;  also 
in  combination  with  oxygen  as  white  antimony , Sb203,  but  more 
frequently  as  sulphide,  SbaS,  {grey  *ntiwmvy)  _ and  m combination 
with  other  metallic  sulphides  (Ag2S,  PbS,  Cu2Sj,  as  sulphanti- 
monite  and  sulpliantimoniate. 

EXAMINATION  IN  THE  DRY  WAY. 

On  heating  metallic  antimony  or  an  antimony  mineral,  e.g.,  grey 
antimony  with  free  access  of  air,  either  on  charcoal  or  mage 
?ut  open  at  both  ends,  dense  white  fumes  ot  an  imomous  and 
antimoL  oxides  are  given  off,  which  condense  on  the  colder  part 
of  the  charcoal  or  glass  tube,  thus  : 

Sb2S3  + 09  = Sb203  + 3S02 

Sublimed. 

All  compounds  of  antimony  can  be  reduced  to  the  metallic  state 
Ail  compuu  . J ,1  reducing  flame,  together  with 

wlum  heated  ‘SJl  A brittle  globule  of  metallic  antimony  is 
CONao  and  KCy.  A to 1^  of  gb_0)  (evcn  atter  the 

Sdraml  of  the  metal  from  the  flame),  which  thickly  merest  the 
Tetliic  globule  with  a network  of  brilliant  aemnlar  crystals. 

EXAMINATION  IN  THE  WET  WAY. 

Chlorine 

SbCls,  accoi  ding  1 P . ^ t|  combination  takes  place, 

according  to  the npon  the  metal ; aqua 
Hydrochloric  acid  SbCl-  Nitric  acid  converts  it  into  a 

regia  dissolves  it  readily  to  ^ " insoluble  in  nitric  acid, 

compound  antimony,  Sb2S3,  as  well  as  Sb2S6, 

soluble  m tartari°  h l hydrochloric  acid  with  evolution  of  sulphu- 
dissolve  m with  separation  of  sulphur. 

rettfnSny  toms  two  serJ of  componnds_by  combining  either 
with  three  or  five  atoms  of  chlorine,  etc.,  viz. : 


ANTIMONIOUS  COMPOUNDS, 
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Antimonious  compounds. 


Antimonic  compounds. 


Sb"'OHo,  Metantimonious  acid. 


Antimonious  chloride. 


oxide. 

sulphide. 


SVClj,  Antimonic  chloride. 
Sbv205,  „ oxide. 

Sbv2S5,  „ sulphide. 

Sbv02Ho,  Metantimonic  acid.* 


Both  these  acids  can  enter  into  combination  with  strong-  bases, 
such  as  potassa,  or  soda,  to  form  weak  salts,  metantimonites  and 
metantimoniates,  viz. : — 


timonic  tetroxide,  is  formed  when  antimonic  oxide  (obtained  by  dis- 
solving antimony  in  nitric  acid)  is  ignited.  This  compound  is  of 
some  importance,  as  it  serves  for  the  quantitative  estimation  of 
antimony. 

A.  Antimonious  compounds. — A SOLUTION  OP  ANTIMONIOUS  CHLO- 
RIDE, Sb013,  is  employed  for  the  reactions  in  the  wet  way. 

SH2  (group  reagent)  gives  an  orange  red  precipitate  of  antimo- 
nious sulphide,  Sb2S3,  soluble  in  alkaline  sulphides  and  in  potassic 
or  sodic  hydrate ; reprecipitated  by  hydrochloric  acid ; slightly 
soluble  in  ammonic  hydrate,  insoluble  in  hydric  ammonic  carbonate 
and  in  hydric  ammonic  or  hydric  potassic  sulphites.  It  dissolves  in 
boiling  concentrated  hydrochloric  acid. 

Temperature  and  concentration  of  the  reagents  produco  reciprocal  effects.  In 
a dilute  hydrochloric  acid  solution  the  SbCl3  exchanges  its  chlorine  in  the  cold 
for  sulphur,  with  precipitation  of  Sb2S3,  whilst  boding  concentrated  hydrochloric 
acid  dissolves  Sb2S3  readily  with  evolution  of  SH2. 

SAm2  produces  the  same  precipitate  as  SH2,  soluble  in  excess. 

KHo  or  1ST  alio  precipitate  antimonious  oxide,  Sb203,  readily 
soluble  in  excess,  with  formation  of  potassic  antimonite. 

AmHo,  same  precipitate,  almost  insoluble  in  excess. 

COAmo2,  COKo2,  or  COHao2,  same  precipitate. 

OHo  decomposes  SbCl3,  forming  a white  insoluble  basic  salt, 
antimonious  oxychloride,  SbOCl,  soluble  in  tartaric  acid.  (DIS- 
TINCTION FROM  BISMUTHOUS  OXYCHLORIDE,  BiOCl).  Water,  therefore, 
gives  no  precipitate  with  a solution  of  potassic  antimonylic  tartrate 


produce  a partial  precipitation  only  after  some  time. 

Metallic  Zn,  Cu,  Cd,  Fe,  Co,  Sn,  and  Pb  precipitate  the  metal 
in  the  absence  of  free  nitric  acid  as  a black  powder. 

* Orthantimonic  acid,  SbOHo3,  and  pyrantimonic  acid,  Sb203IIo4  (said  to  be 
formed  when  antimonic  chloride  is  decomposed  by  water),  are  little  known. 


Sb"'OKo,  Potassic  metantimonite. 
Sbv02Ko,  Potassic  metantimoHiate. 
Sbv02Nao,  Sodic  metantimoniate. 


Sbv0o(Sb,"02y,  antimonylic  metantimoniate,  or 


; and  alkalies  and  alkaline  carbonates 
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AN TIMONIOU S COMPOUNDS. 


An  exceedingly  delicate  reaction  for  antimony  consists  in  preci- 
pitating the  metal  from  a dilute  hydrochloric  acid  solution  on 
platinum  foil  or  on  the  lid  of  a platinum  crucible,  by  means  of  a 
small  strip  of  metallic  zinc.  H and  SbH3  (antimometted  hydro- 
gen*) are  evolved,  and  the  platinum  is  stained  brown  or  black  by 
the  deposited  metal.  Mere  traces  of  antimony  can  thus  be  dis- 
covered. The  stain  is  not  affected  by  hot  dilute  hydrochloric  acid, 
but  disappears  on  heating  with  nitric  acid.  Tin  cannot  be  Palpi- 
tated on  platinum.  It  is  precipitated  by  zmc,  and  is  readily  soluble 
in  hot  dilate  hydrochloric  acid. 

Compounds  containing  triad  antimony  exhibit  a tendency  (less 
marked,  however,  than  in  stannous  compounds)  to  combine  with 
more  chlorine,  etc.,  and  to  pass  into  pentad  or  antimomc  compounds. 
Expressed  graphically — 

Cl 

Antimonious  Ck  | /pag  tw0  poncls  left  unsatisfied  or  latent, 
chloride  >Sb\ 

cr 

whilst  pentad  antimony  in  Sb'CIs  or  Sb-OCl.  (oxy-tricUoride),  lias 
all  its  bonds  satisfied,  thus : 

O 

91  Antimonic 

Antimonic  Ck  j /(A  oxy-tri-  Cl — Sb — Cl 

chloride.  yShC  chloride.  | 

cr  ci  ci 

The  following  arc  some  of  the  reactions  naturally  arising  from 
this  condition  of  antimonious  compounds 

When  a current  of  chlorine  gas  is  passed  over  solid  SbCl3,  a molecule  o 
chlorine  is  absorbed,  and  the  chloride  liquefies,  thus:- 

SbCl3  + Cl2  = SbCl6. 

Solid  Liquid 

antimonious  antimonic 

cldoride.  chloride. 

...  •!_  QhONnn  is  oxidised,  in  the  presence  of  sodic  hydrate, 

„ .”di.  ™Ut~te,  ShO.Nao.  «d 

thus  : — 

SbONao  + I2  + 2NaHo  = Sb02Nao  + 2NaI  + OH2. 

A hydrochloric  acid  solution  of  Sb013  reduces  AuC13  to  metallic  gold 
(frequently  with  separation  of  Sb02Ho),  thus  . 

3SbCl3  + 2AuC13  = 3SbCl5  + Au2. 

Soaic  ss  sa 

“^nwtable  toCammonio  hydrati  OAg„  being  readily  soluble.  (Dmnrono* 
BETWEEN  Sb208  AND  S)?2^6*)  

# Of  this 
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The  several  reactions  may  be  expressed  as  follows  : 

(1)  SbCl3  + 4NaHo  = SbONao  + 3NaCl  + 20H2. 

Sodic 

metantimonite. 

(2)  2NO;Ago  + 2NaHo  = OAg2  + 2N0.2Nao  + OU2. 

Argentic  oxide 
' (insoluble  in  Nallo, 
soluble  in  AmHo) . 

(3)  SbONao  + 20Ag2  = Sb02Nao  + OAg4. 

Black  argentous 
oxide,  insoluble 
in  AmHo. 

SSONao2  (sortie  hyposulphite)  reduces  antimonious  compounds  to  metallic 
antimony,  which  combines  with  sulphur  and  forms  Sb2S3,  thus 

3SSONao2  + Sb203  = Sb3S3  + 3S02Nao2. 

B.  AntimoniC  compounds.— A SOLUTION  OP  POTASSIC  METANTIMONI- 
ATE,  SbOoKo,  may  conveniently  be  employed  for  studying  the 

reactions  in  the  wet  way.  c*nn  tt 

This  salt  is  prepared  by  fusing  metantimonic  acid,  bbU2rlo, 
with  a large  excess  of  KHo,  in  a silver  crucible,  and  dissolving  the 
mass  in  cold  water.  Fused  with,  caustic  soda,  a sodic  metanti- 
moniate  is  obtained,  which  is  insoluble  in  water. 

Sb02Ko  is  readily  decomposed  by  concentrated  acids  (hydro- 
chloric or  nitric),  metantimonic  acid  being  precipitated. 

SH2  gives  from  a solution  of  SbOaHo  in  excess  of  hydrochloric 
acid,  an  orange  precipitate  of  antimomc  sulphide,  Sb2&5,  mixed  with 
Sb,S3  and  S ; soluble  in  alkaline  sulphides,  readily  soluble  in 
ammonic  or  potassic  hydrate ; also  soluble  in  boiling  concentrated 
hydrochloric  acid,  with  evolution  of  SH2  and  deposition  of  S , only 
very  sparingly  soluble  in  cold  liydric  ammonic  carbonate. 

SAm2,  same  precipitate,  soluble  in  excess. 

S02Feo"  does  not  reduce  antimonic  compounds. 

N02Ago,  added  to  an  alkaline  solution  of  Sb02Ko,  yields,  for 
obvious  reasons,  only  OAg2,  readily  soluble  in  ammonic  hydrate. 

Antimonic  compounds,  like  stannic  Balts,  can,  under  certain  conditions,  also  act 
as  oxidizing  agents , e.g. : — 

On  igniting  antimonic  anhydride,  it  splits  up  into  Sbo04  and  oxygen. 

SnCl2  precipitates  SbOHo  from  a hydrochloric  acid  solution  of  SbO.Ho, 
the  SnCl2  being  converted  into  SnCl4. 

On  boiling  a solution  of  Sb02Ho  in  hydrochloric  acid  with  potassic  iodide, 
iodine  is  liberated,  colouring  the  solution  brown.  (SbCl5  is  in  lact  frequently 
employed  for  the  purpose  of  conveying  chlorine  toother  bodies,  both  mineral  and 
organic.)  Iodine  is  Bet  free,  because  SbCl6,  on  being  heated,  together  with 
2KI,  forms  SbCl3  ■+  I.2  + 2KC1.  The  liberated  iodine  is  readily  recognized  by 
means  of  starch  paste,  when  the  highly  delicate  and  characteristic  blue  iodide  of 
starch  reaction  is  obtained.  (Distinction  between  antimonious  and  anti- 
monic COMPOUNDS.) 
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QUESTIONS  AND  EXERCISES. 


How  is  autonomous  chloride  prepared? 
when  water  is  added  to  it  ? 


What  change  does  it  undergo 


6. 

6. 

7. 

8. 


10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 


when  water  is  added  to  it  r 

How  can  the  metal  antimony  he  obtained  from  grey  antimony  ore  . 

By  what  characteristic  reaction  can  antimony  compounds  be  recognized  when 

examined  in  the  dry  way  ? „ 

What  is  the  action  of  concentrated  nitric  acid  upon  metallic  antimony  . 

Explain  the  change  by  an  equation.  , „ 

How  can  you  distinguish  between  antimonious  and  antimomc  compounds  . 
Explain  the  action  of  Zn  or  Ee  upon  a solution  of  SbC  3. 

What  evidence  have  we  to  show  the  triad  and  pentad  nature  ot  Sb  . 

Give  illustrations  of  the  reducing  action  of  antimonious  compounds,  e.g.,  anti- 
monious chloride.  . . , , • 

Give  instances  of  the  oxidising  action  of  antimomc  compounds,  e.g.,  metanti- 

monic  acid.  „ ™ , 

State  how  you  would  separate  Sb  from  Sn,  m the  wet  way. 

How  can  Sb  be  separated  from  Bi  ? 

Express  by  symbolic  equations  the  reactions  for  antimony  m the  wet  way. 
Calculate  the  percentage  composition  of  white  antimony  and  antimonious 

1 erm’t'f  a sample  of  grey  antimony  yielded  on  analysis  *854  grm.  of  SluO, ; 

what  per  eentago  of  antimony  does  the  ore  contain  ? 

How  would  you  separate  Su  from  Sb,  in  the  dry  way  ? 

How  much  Sb204  by  weight  will  132  grm.  of  metallic  antunony  yield 
, How  much  chlorine  by  weight  and  by  volume  (at  0 C.  and  760  mm.) 
quired  to  convert  10  grins,  of  Sb018  into  SbCl6  ? 

Hoi  much  oxygen  gas  by  weight  and  by  volume  (at  0 C.  and  /GO  mm.)  can 

be  obtained  by  igniting  5 grins,  oi  Sb2U6? 

Describe  the  preparation  of  potassic  metantimoniate. 

How  much  Pb  and  Sb  have  to  be  employed  to  prepare  50  lb.  of  type  metal, 
an  alloy  having  the  composition  Pb4Sb  r 


q ARSENIC,  An"'  and  X— This  body  constitutes  one  of  the 
mostAiS  aXed  elements  in  nature.  It  is  found  native,  tut 
exists  most  frequently  in  combination  with  sulphur  as  reai/ai, 

f AsS"  or  diarsenious  disnlphide,  and  as  orpiment,  As2S"3,  or 
amtfous  sulphide  (snlpharsenions  anhydride)  ; in  combined™,  whh 
metals  it  exists  in  arsenical  nickel,  ( "As'Xb  ®H« r nickel,  (,AsoNi. 

r " A Arsenic  acts  in  some  of  these  mineral 


A?:ce. 


and  in  smaltine,  s /^As' 

...  L ,oll  fh o yi  a metal  Metallic  arsenides  are 
Mies  sulphides,  such  as  the 

sulphides^ of  Ag.  Ve,  Hi,  Co.  On  etc.,  as  in  the  common  mineral 
nickel,  or  arsenical  pyrites.  { - nickel  glance  or 

orei/  nickel  ore,  { 'iAJ.Ni,,,Nil'S!,  and  in  cobalt  glance  { "A!'Co"’ 

rnivq  Arsenic  occurs  also  in  the  form  of  metallic  arsemates,  such 
Co  hi2*  . . i -I  a pnbaltous  plumbic  arsctnatcs , 101 

as  calcic,  magnesic,  nickelous,  ,1  (calcic 

example,  in  the  mineral  pharmacohte,  AS2U3Uio  a>  ^ 
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pyrarseniate),  in  nickel  ochre,  As202hTio  3,90H2,  in  cobalt  bloom, 
As202Coo''3,80H2,  and  in  mimetesite,  3(As202Pbo"3),PbCl2. 

Traces  of  arsenic  are  almost  invariably  found  in  commercial  sulphur,  iron, 
copper,  tin,  and  antimony.  On  account  oi  the  solubility  of  its  oxides,  arsenic  is 
sometimes  found  in  mineral  springs  and  in  the  ochreous  deposits  from  mineral 
waters. 

EXAMINATION  IN  THE  DRY  WAY. 

Arsenic  can  be  completely  volatilized.  When  heated  in  contact 
with  air,  either  on  charcoal  or  in  an  open  tube,  it  burns  and  forms 
arsenious  anhydride,  As203,  giving  off  at  the  same  time  a peculiar 
and  most  characteristic  garlic  odour.  Arsenical  compounds  give 
the  same  indications  when  heated  by  themselves,  on  charcoal  in  the 
reducing  flame,  and  on  the  addition  of  sodic  carbonate  and  potassic 
cyanide,  whether  the  arsenic  be  present  as  arsenite  or  arseniate.  The 
blowpipe  experiments  should  be  performed  with  great  precaution, 
since  arsenical  fumes  are 
poisonous.  The  reaction 
being  so  very  delicate, 
small  quantities  only  of 
the  substance  should  be 
operated  upon. 

When  arsenical  compounds 
are  heated  in  a bulb-tube,  Pig. 

8,  a,  mixed  with  a proper  re- 
ducing agent  (such  as  sodic  carbonate  and  charcoal  powder  or  black-flux), 
metallic  arsenic  sublimes  and  is  deposited  in  the  shape  of  a lustrous  steel  grey 
mirror,  b,  in  the  upper  part  of  the  tube. 

EXAMINATION  IN  THE  WET  WAY. 

Chlorine  attacks  arsenic  violently,  forming  a highly  poisonous 
liquid,  arsenious  chloride,  AsC13.  Hydrochloric  acid  does  not  act 
upon  arsenic ; nitric  acid  oxidizes  it  to  arsenious  and  arsenic  acids, 
according  to  the  concentration  of  the  acid. 

Arsenic  forms  two  oxides,  sulphides,  etc.,  and  two  icell  characterized 
series  of  salts,  arsenites  and  arseniates, 


A.  Arsenious  compounds. — We  may  employ  either  a SOLUTION 
OF  ARSENIOUS  anhydride,  As203,  in  dilute  hydrochloric  acid,  or  an 
aqueous  SOLUTION  OF  an  arsenite,  AsKo3  (tripotassic  arsenite). 

SH2  (group-reagent)  produces  in  an  acid  solution  of  As203 
a lemon  yellow  precipitate  of  arsenious  sulphide,  As2S3,  readily 
soluble  in  caustic  alkalies,  in  alkaline  carbonates  and  sulphides 
forming  alkaline  arsenites  and  sulpharsenites ; it  is  reprecipitated 
from  any  of  these  solutions  on  the  addition  of  dilute  hydrochloric 
or  nitric  acid.  It  is  nearly  insoluble  in  concentrated  hydrochloric 
acid,  even  on  boiling;  but  soluble  in  nitric  acid.  On  digesting 
freshly  precipitated  arsenious  sulphide  in  a solution  of  hydric 
potassic  sulphite,  SOHoKo,  and  excess  of  sulphurous  acid,  the  yellow 
precipitate  is  dissolved,  and  the  solution  contains  potassic  metar- 
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senite,  and  potassic  liyposulpliite,  after  driving  off  the  excess  of  sul- 
phurous acid  by  evaporation,  thus  : — 

2As2S3  + IGSOH0K0  = 4AsOKo  + 6SSOKo2  + S3  + 7S02 

-f-  80H2. 

SAmo,  same  precipitate  soluble  in  excess. 

NCPA-o-o  produces  from,  a solution  of  a neutral  arsenite,  or  from 
a solution" of  As,03  in  water,  rendered  neutral  by  cautiously  add- 
ing ammonic  hydrate,  a yellow  precipitate  of  tviargcntlc  arsenite, 
AsAgo3,  readily  soluble  in  ammonic  hydrate  ammonic  chloride 
or  nitric  acid.  The  ammoniacal  solution  of  AsAgos  and  OAg2 
decomposed  on  boiling,  with  separation  of  metallic  silver  and  foi- 
mation  of  trlargcnttc  arseniate,  AsOAgo3,  thus 

AsAgOa  + OAga  = AsOAgo3  + Ag2. 

Soluble  in  Soluble  in  Soluble  in  Black 
Amllo.  AmHo.  AniIIo.  precipitate. 

cjo  Cuo"  produces  a characteristic  yellowish  green  precipitate  of  liydric 
cunrlc  arscnltc,  AsIIoCuo"  (Schecle’s  green),  from  a solution  of  tripotassic 
nrsonite  readily  soluble  in  ammonic  hydrate,  ammonio  chloride,  or  nitric  acid. 
S0'!m«o"  gives  no  precipitate  in  the  presence  of  free  ammonic  hydrate  and 

ammonic  chloride. 

Revnsch's  test.— Arsenic  is  precipitated  on  a strip  of  clean  metalhc 
Immersed  in  a hydrochloric  acid  solution  oi  As,U3,  m tLie 
of  a grey  film  of  As,(!u.„  from  highly  dilute  solutions,  espo- 

1%  on  U,e  film 

as  antimony  is  also  precipitated 

y Tr“ion  “ compounds  exert  a powerful  My  aohon,  when 
Urm.o-ht  together  with  bodies  that  are  capable  of  parting  with 
k * rddm-ine  etc  Tills  property  is  even  more  marked  m 
oxygen,  chlori  , ^ ^ moniou8  compounds.  Triad  arsenic  com- 

rX  conWnlng  ^“unsatisfied  tends,  give  rise  to  numerous 
interesting  reactions,  thus  : 

AnOl,  (auric  cMorlde,  of 

quantitatively  from  the  weight  of  the  precip.tated 

g0' Two  atom,  of  Au  (2  * 196  » - three  atom,  of  A.  (3  a 15). 

AAuCI.  + 3AS.O,  + 150H,  - 6AsOHo.  + Au.  + 12BC1. 

oc  onnnVilp  of  yielding  chlorine,  such  as  a solution 
of  3£m  T»wZ  o“T.odio  iAochlorite,  CINao  <®»  * .oxidise 

Ab203  rapidly,  thus 

As203  + 2C12  + 50H2  = 2AsOHo3  + 4IIC1. 

Iodiuo,  absolved  in  a station  of  potcssio  iedide,  likewise  convert,  a .elution 
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of  As203)  dissolved  in  excess  of  hydric  sodic  carbonate,  into  As205,  with  forma- 
tion of  an  alkaline  iodide,  thus  : — 

AsHoNao2  + 2COHoNao  + I2  = AsOHoNao2  + 2NaI  + OH2  + 2C02- 

Chlorine,  iodine,  and  bromine  act  as  oxidizing  agents  by  decomposing  water 
or  a metallic  oxide.  They  form,  with  the  hydrogen,  HC1,  HI,  HBr,  or  with  a 
metal  the  corresponding  haloid  salt,  and  the  oxygen  is  transferred  to  the 
As203. 

The  oxidizing  action  of  OAg2,  upon  AsAgo3  in  an  ammoniacal  solution  has 
already  been  noticed. 

An  analogous  change  is  produced  by  cupric  oxide  in  the  presence  of  potassic 
hydrate.  On  adding  to  a strongly  alkaline  solution  of  tripotassic  arsenite  a few 
drops  of  cupric  sulphate,  and  applying  a gentle  heat,  the  blue  solution  deposits  a 
red  precipitate  of  cuprous  oxide,  Cu20,  and  leaves  tripotassic  arseniate,  AsOKo3, 
in  solution.  (Distinction  between  As203  and  As206.) 

The  deoxidizing  action  which  arsenious  compounds  exert  upon  the  higher 
oxides  of  chromium  (chromates)  and  manganese  (manganates  and  permanganates), 
has  already  been  described,  pages  43  and  29. 

B.  Arsenic  Compounds. — We  employ  AN  AQUEOUS  SOLUTION  OP 
TRIPOTASSIC  ARSENIATE,  AsOKo3. 

SH2  gives  scarcely  any  precipitate  from  an  acidulated  solution 
of  AsOKo3,  until  the  solution  is  heated,  and  a current  of  gas  passed 
through  for  some  time.  It  is  difficult  to  effect  complete  precipitation 
even  then.  The  precipitate  consists  of  arsenious  sulphide  and  sulphur. 
It  is  preferable  to  reduce  the  As206  first  to  As203,  by  a more  power- 
ful reducing  agent  than  SH>,  for  example,  by  sulphurous  acid,  or 
an  acid  sulphite,  such  as  SOHoKo  or  SOHoAmo — 


whence  sulphuretted  hydrogen  precipitates  the  arsenic  readily  as 
arsenious  sulphide. 

N 02Ago  gives  a reddish  broivn  precipitate  of  triargentic  arseniate, 
AsOAgo3,  soluble  in  ammonic  hydrate  and  in  nitric  acid. 

S02Cuo"  produces  a pale  greenish  Hue  precipitate  of  liydric  cupric 
arseniate,  AsOHoCuo",  soluble  in  ammonic  hydrate  and  nitric  acid. 

SCbMgo  , in  the  presence  of  ammonic  chloride  and  ammonic 
hydiate,  gives  a white  crystalline  precipitate  of  amnionic  magncsic 
arseniate,  AsOAmoMgo"  (DISTINCTION  OP  As203  PROM  As,06). 

I'e2Cl6  gives  a yellowish  white  precipitate  of  ferric  arseniate,  As  ,02Pe2ovi. 


arseniate,  As202Pbo"3. 

MO.A1DO2  (ammonic  molybdate),  dissolved  in  nitric  acid,  gives  a yellow 
precipitate  of  arsenio-ammonic  molybdate. 

. Metallic  copper  does  not  precipitate  metallic  arsenic  from  dilute 
acid  solutions  of  As,05 ; but  on  adding  concentrated  hydrochloric 
acid,  and  heating,  a grey  film  of  As2Cu5  is  obtained  (distinction 
BETWEEN  As,03  AND  As206). 

A rsenic  as  well  as  arsenious  compounds  are  capable  of  oxidizinq 
other  bodies , and  become  themselves  reduced  either  to  a lower  oxide 

{sulphide),  or  to  the  metallic  state. 


AsO  Ko3  -(-  SOHo2  T AsKo3  T S02Ho2, 


(plumbic  acetate)  gives  a white  precipitate  of  triplumbic 


a 
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- * »w»,  - 

converts  it  into  As2S3,  thus  : _ 

2AsHo3  + 3SSONao2  = As2S3  + 3S02Nao2  + 30H2. 

en“ntu^“^ 

ei^^xfof^hard^lass^tube  drawn  out  before  toeblowp^e^as^eem  hi 

well  ignited  charcoal  is 
next  placed  in  the  nar- 
row part  of  the  tube,  at 
b,  somewhat  above  the 
fragment  of  the  arse- 
nical compound.  This 
charcoal  is  heated  over 
a gas  flame  or  the  flame 
of  a spirit  lamp.  When 
the  charcoal  is  well 
ignited  a second  flame 
is  applied  to  the  lower 
end  of  the  tube  in  order 

to  volatilize  tlio  arsenical  compound,  the  vapour  of  which,  on  passing 
ove^the  glowing  charcoal,  Is  deprived  of  its  oxygen,  and  meta  c 
“^UfJZorited  in  thi  form  of  a shining  black  mm  on  the 
So  of  the  tube,  above  the  elmrooal  at  e.  Tho  react.on  takes 
place  according  to  the  equation  : 

2As203  + 30  = As.i  + 3C02. 

This  tost  is  very  delicate.  Arsenic,  in  the  form  of  an  arsenite  or 
I ms  resit  iH  y ■ nor.fnctlv  dry  charcoal  powder,  or 

* «■  introduction  into 

black- (lux,  n j i whioh  for  this  purpose  has  a 

lo"d.  The  sublimation  of  metallic 

sm‘  • n<-pnmnanied  by  the  characteristic  garlic  odour.  . 

arsenic  is  accompan  c y KCy  reduces  arsenical 

compounds — oxides  as  well 
as  sulphides — with  forma- 
tion of  potassic  cyanate  or 
sulphocyanate.  A mixture 
of  potassic  cyanide  with 
the  arsenical  compound  is 
heated  in  a bulb  tube,  a 

(Fig.  10).  Metallic  arsenic  is  deposited  at  b. 

The  changes  are  expressed  as  follows 

2Aso03  + 6KCy  = 6CyKo  + Aa*- 

Potassic 
cyanate. 

2As2S3  + 6KCy  = 60yKs  + An*. 

Potassic 
sulphocyanate. 


Fio.  10. 
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But  since  potassic  cyanide  contains  potassic  cyanate,  as  well  as  potassic  car- 
bonate (its  composition  may  be  expressed  by  the  formula  5KCy  + GyKo  + 
a:COKoo),  a portion  only  of  the  arsenic  in  As2S3  is  obtained  in  the  metallic 
form,  and  a sulpharseniate  is  formed  which  is  not  reduced  by  potassic  cyanide. 
On  mixing  the  arsenious  sulphide  with  sulphur,  the  whole  of  the  arsenic  remains 
behind  in’  the  fused  mass,  as  sulpharseniate,  and  no  metallic  deposit  is  obtained. 
(In  the  presence  of  sulphides  of  Pb,  Cu,  Ag,  Au,  Ni,  Co,  Ee— as,  e.g.,  of  FeS2, 
in  arsenical  pyrites,  NiS2,  in  nickel  glance— which  are  reduced  to  the  metallic 
state  by  the  action  of  potassic  cyanide,  scarcely  any  arsenical  mirror  is  obtained, 
because  the  liberated  metallic  arsenic — a portion  only  of  the  arsenic  being  liberated 
— would  immediately  alloy  itself  with  the  metals.)  These  changes  are  expressed 
by  the  equations  : — 

(1)  5As,S3  = 3As2S6  + As4. 

(2)  4As,S5  + 12COKo2  = 5AsSKs3  + 3AsOKo3  + 12C02. 

The  reduction  is  generally  effected  by  mixing  dry  arsenious  sulphide  with  one 
part  of  potassic  cyanide  and  three  parts  of  sodic  carbonate,  and  introducing  the 
mixture  into  a piece  of  combustion  tube,  C,  drawn  out  to  a point,  as  seen  on  a 
larger  scale  in  Pig.  11.  A slow  current  of  carbonic  anhydride  generated  from 


Fig.  11. 


Fig.  12. 


marble  and  hydrochloric  acid  in  the  flask  A,  Pig.  12,  and  dried  by  passing 
through  b into  the  flask  B,  containing  concentrated  sulphuric  acid,  and  out 
through  the  delivery  tube  c,  is  passed  over  the  mixture  in  the  tube  C,  heated  at 
first  gently,  till  all  the  moisture  has  been  driven  out,  and  then  strongly  to  fusion, 
— when  a mirror  of  metallic  arsenic  collects  in  the  neck  of  the  drawn-out  tube. 

The  reaction  has  this  advantage,  that  no  antimony  mirror  is  obtained  in  the 
same  way. 

In  order,  however,  to  avoid  missing  the  arsenic,  either  altogether  or  obtaining 
only  a portion  of  it,  as  stated  above,  it  is  preferable  to  treat  the  arsenious  sul- 
phide with  a few  drops  of  concentrated  nitric  acid,  and  to  evaporate  with  a little 
sulphuric  acid  (in  order  to  decompose  any  metallic  nitrates,  if  present) . The 

G 2 


g4  arsenietted  hydrogen. 

sulphuric  acid  is  next  neutralised  with  sodic  carbonate,  and  the  ™ thoroughly 

vided  no  lead,  copper,  or  other  reducible  metals  were  present. 

Arsenious  and  arsenic  acids  are  both  reduced  by  nascent  hydro- 
gen, which  combines  with  the  oxygen  of  the /S^o/the  very 
form  water  whilst  the  arsenic  in  its  nascent  state  , 01  the  very 
moment  it  ’is  liberated  from  the  oxygen,  combines  likewise  wit 
hvdroeen  to  form  a gaseous  compound  of  arsenic,  called  arsenietted 
nycuogeu  10  urn  5 a o"'i-T„  This  eras  is  obtained  pure 

hydrogen  (arsenious  hydride)  -As  J±a.  zinc  and 

bv  acting:  with  dilute  sulphuric  acid  upon  an  alloy  ot  zinc  ana 
arsenic.  SThe  zinc  takes  the  place  of  the  hydrogen  m the  acid,  and 
arsenietted  hydrogen  is  liberated,  thus  . 

As,Zu3  + 3S02Ho2  = 3S02Zno"  + 2AsH, 

Arsenietted  hydrogen  is  an  exceedingly  poisonous  gas,  and  the 
student  should  on  no  account  attempt  to  prepare  it  pure  Its 

may  to  *■«  in  a m,xture  °f  ti<S  gaS  " 

G—  — in . 

Sd  ta.  i',  .iii  . I"-  <*  tori  D-  *•»*  '•  - 


Fig.  13. 


i * of  flip  l’et  as  soon  as  it  has  displaced 

to  a jet.  The  hydrogen  gas  may  e lg  4 <w6eJ  6.  It  burns  with  an  almost 
the  air  ir>  the  generating  Jtash  a a,  JJ  ^ introdUoing  a few  drops  of  an 
colourless  flame  h the  zmc  aud  aad  are  p fannel.tubo>  tll0  flame  is  seen  to 

arsenious  or  arsenic  acid  ohiDonthro  g n ( tt  dish,  or  the  lid  of  a 

tet  raW»-i»  a — "*  * wl,o,‘ 
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deposits  within  the  tube  immediately  behind  the  spot  where  the  glass  is  heated. 
The  hydrogen  should  not  be  generated  too  rapidly,  if  a good  ring  is  to  be  obtained. 
The  mirror  may  be  driven  on  to  e by  gradually  moving  the  flame  from  c 

towards  d.  „ . 

Several  arsenical  mirrors  may  be  obtained  if  a long  piece  of  narrow  combus- 
tion tube  Fig.  14,  be  employed,  which  has  been  contracted  in  several  places  by 


Fig.  14. 


drawing  it  out  in  the  flame  of  a blowpipe.  Arsenietted  hydrogen  is  generated 
in  the  flask,  a,  and  passing  through  b,  the  drying  tube,  c,  and  combustion  tube,  d, 
issues  from  the  drawn-out  jet,  where  it  can  be  burnt.  The  tube,  d , is  heated  in 
one  or  in  several  places,  just  before  the  several  drawn-out  narrow  parts.  An 
arsenical  mirror  is  obtained  a little  behind  the  heated  part  of  the  tube,  as  seen  in 
Fig.  14.  Little  or  no  arsenietted  hydrogen  need  thus  escape  from  the  jet, 
especially  if  a slow  current  of  hydrogen  be  generated. 

The  deposition  of  arsenic  in  the  tube  or  on  the  cold  porcelain 
arises  from  the  decomposition  of  the  arsenietted  hydrogen,  which, 
at  a high  temperature,  is  broken  up  into  arsenic,  which  is  deposited, 
and  hydrogen,  which  passes  on  and  burns  at  the  jet.  The  decom- 
position which  takes  place  when  a cold  piece  of  porcelain  is  lowered 
into  the  flame,  is  readily  explained,  if  we  remember  what  takes  place 
when  some  cold  porcelain  is  held  in  a candle  or  gas  flame.  We  ob- 
tain a deposit  of  soot  (finely-divided  carbon  from  the  hydrocarbons), 
because  the  combustion  is  disturbed,  and  the  temperature  of  the 
flame  suddenly  lowered.  The  flame  can  only  burn  where  it  is  in 
contact  with  air,  i.e.,  on  the  outside.  The  arsenietted  hydrogen  on 
passing  through  the  inner  portion  of  the  flame,  is  decomposed  by  the 
heat  into  arsenic  vapour  and  hydrogen  gas ; the  latter  escapes 
through  the  outer  portion  of  the  flame,  and  is  burnt,  arsenic  being 
deposited  on  the  cold  porcelain  surface.  The  decomposition  of 
arsenietted  hydrogen  takes  place,  even  if  very  little  of  the  gas  be 
mixed  with  much  hydrogen  gas,  and  this  test — known  as  Marsh's 
test — is  therefore  extremely  delicate.  * 
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It  is  of  paramount  importance  that  both  zinc  and  s^Ph™^  ^d. ^ 
tested  first.  This  is  done  by  generating  hydrogen,  and  allomngtg  gas  to 
escape  by  itself  for  some  time,  through  the  combustion  tube  igmted 

PlT,W  M be  taten  to  avoid  tot~d«cto? 

hydrogen  i.  readily  decompo.ed  b,  this  acid.  It  ..  “ " to,  ? “ 

solve  arsenical  compounds  in  hydrochloric  acid,  with  the  addition  o 
small  crystals  of  potassic  chlorate,  and  to  heat  gently  till  no  more  c oious 

is  observable.  ... 

The  metal  antimony  forms  with  nascent  hydrogen  a combustible 
gas  analogous  to  arsenfetted  hydrogen,  called  anUmometted 
(antfmonioua  hydride),  SMI*  It  * prepared  ^ „Sc 
sulphuric  or  hydrochloric  acid  upon  an  alloy  of  three  atoms  of 

and  two  atoms  of  antimony,  thus  : 

Sb2Zn3  + 3S02Ho2  = 3S02Zno"  + 2SbH3. 

Mixed  with  hydrogen  gas  it  is  obtained  by  introducing  into  a 

Sac  S 

bluish  m’een  and  white  fames  of  antimonions  oxide,  Sb203,  ascent 
blms  i-giecn,  a w nQ  odour  and  is  not  poisonous*  On 

further  away  from  the  ILiuio,  aut  J . B heated),  and  it  is  obvious 

*****  - 

arsenic  from  the  antimony  in  the  mirror  itself. 

This  can  be  done  very  readily—  porcelain  a concentrated  solu- 

h*.  by  adding  to  the  m'X0^poXito  \eau  de  Javelle)  ; or  by  simply 
tion  of  bleaching  powder,  or  of  sod  JyP  trCating  a little  bleaching  powder 

S2S3S Srffi^^orisepU solved,  antimony 
only  after  some  lengthened  exposure,  thus . 

Aso  + 5ClNao  = As205  + 5NaCl. 

, VVQTlt  of  arv  sulphuretted  hydrogen  through 

2nd.  By  passing  a very  slow  current  mirror,  and  applying  a gentle 

the  glass  tube,  containing  ^ sulphides— arsenic  into  lemon-yellow  arse- 

heat  The  metals  are  conveite  ,l  i.  01.  partly  orange-red  antimonions 

S.  sulpiid.,  WoWiida,  4>„«r  .id.  by  .id.  I 

sulphide;  and,  if  both  metals  areprese  ious  sulphido  being  the  mo. e 

the  former  somewhat  m front  of  a current  of  dry  hydrochloric 

volatile  of  the  two  ^Phldes-  ^ Pof  heat,  antimonious  sulphide  disappear  s 

"Lf,“  Aiorij°-  'vliicl' 

# The  evidence  on  this' point  appears  to  be  doubtful. 
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current  of  hydrochloric  acid  gas,  and  may  be  passed  into  water  “d  tested  by 
means  of  sulphuretted  hydrogen.  Arsemous  sulphide  remains  unaffected,  eve 
if  the* hydrochloric  acid  gL  harassed  over  it  for  some  tune , I^duary  arse- 
nious  sulphide  dissolves  readily  in  hydnc  ammomc  carbonate , OOHoj^o. 

Antimonietted  and  arsenietted  hydrogen  can  moreover  be  diet mgu i sh ed _ tiom 
each  other  by  passing  a slow  current  ol  the  mixed  gases  into  a solution  ol 
argentic  nitrate  ; argentic  oxide,  acting  the  part  of  an  oxidizing  agent,  converts 
arsenietted  hydrogen  into  arsenions  acid,  thus  . 

AsH3  + 6NO.,Ago  + 301Io  = Ag6  + AsHo3  + 6N02Ho. 

Antimonietted  hydrogen  is  not  acted  upon  in  like  manner.  ^ Tdie  oxidation 
extends  only  to  the  hydrogen  and  not  to  the  antimony,  the  metallic  silvei  taking 
the  place  of  the  hydrogen,  thus  : 

SbH3  + 3N02Ago  = SbAg3  + 3N02Ho. 

The  arsenious  acid  is  separated  by  filtration  from  the  insoluble  SbAg3  and 
Ag.  On  cautiously  adding  to  the  filtrate  a dilute  solution  of  ammomc  hydrate 
a yellow  precipitate  of  triargentic  arsenite  is  obtained,  where  the  two  layeis 
of  the  amnionic  hydrate  and  acid  solution  meet.  . . 

The  residue  is  boiled  with  a solution  of  tartaric  acid,  when  the  antimonious 
argentide  is  acted  upon  with  formation  of  soluble  antimonious  tartrate  (.) , silver 
beum  left  behind.  Filter  ; acidulate  the  filtrate  with  dilute  hydrochloric  acid, 
and  pass  sulphuretted  hydrogen.  An  orange  precipitate  indicates  antimony. 


QUESTIONS  AND  EXERCISES. 

1.  Which  are  the  most  important  natural  compounds  of  arsenic? 

2.  Translate  into  graphic  formulae  the  symbolic  formula  of  realgar,  orpiment, 

copper  nickel,  smaltine,  nickel  ochre. 

3.  Adduce  evidences  of  the  triad  and  pentad  nature  of  arsenic. 

4 What  changes  does  metallic  arsenic  undergo  when  heated,  1st,  by  itsell,  in  a 
current  of  a neutral  gas  (C02  or  H)  ; 2ndly,  in  contact  with  an- ; 3rdly, 
in  contact  with  chlorine  ? 

5.  How  is  metallic  arsenic  obtained  from  white  arsenic  ? 

6.  How  can  arsenious  compounds  be  distinguished  in  the  presence  of  arsenic 

compounds  ? Hive  several  methods. 

7.  What  action  has  sulphuretted  hydrogen  upon  an  acid  solution  of  arsenious 

and  upon  a solution  of  arsenic  acid  ? 

8.  Express  by  an  equation  the  reaction  which  takes  place  when  arsenious 

sulphide  is  dissolved ; 1st,  in  NaHo  ; 2ndly,  in  SAm2 ; 3rdly,  in 
COHoAmo. 

9.  What  precipitates  are  produced  when  argentic  nitrate  is  added  to  a neutral 

solution  of  an  arsenite,  or  arseniate  ? 

10.  Why  is  triargcntic  arsenite,  in  an  ammoniacal  solution,  converted  on  boiling 

into  triargentie  arseniate  ? Express  the  change  by  equations. 

11.  What  is  the  action  of  magnesic  sulphate  in  an  ammoniacal  solution  (so-called 

magnesia  mixture)  upon  arsemous  and  arsenic  solutions  ? 

12.  Give  a few  instances  of  the  reducing  action  of  arsenious  compounds.  Ex- 

press the  changes  by  equations. 

13.  Explain  the  oxidizing  action  of  chlorine,  bromine,  and  iodine  upon  arsenious 

compounds. 

14.  What  takes  place  when  metallic  copper  iB  introduced  into  a dilute  hydro- 

chloric acid  solution:  1st,  of  As203;  2ndly,  of  As206  (Reinsch’s 
test)  ? 

15.  Explain  under  what  conditions  arsenic,  as  well  as  arsenious  compounds,  act 

as  oxidizing  agents.  Give  examples,  and  express  the  changes  by  equa- 
tions. 

16.  Explain  why  a portion  of  the  arsenic  only  is  liberated,  when  an  arsenical 

sulphide  is  heated  with  potassic  cyanide.  Give  equations. 
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17.  Explain  how  the  presence  of  free  sulphur,  or  the  presence  of  certain  metallic 

sulphides  influences  the  reduction  of  arsenical  compounds  by  potassic 
cyanide.  Give  equations.  ,,,  , , 

18.  Explain  the  reduction  of  arsenical  compounds  by  nascent  hydrogen  (Marsh 

test),  and  show  by  equations  the  formation  of  arsenietted  hydrogen. 

19.  What  change  does  arsenietted  hydrogen  undergo  : 1st,  when  burnt  in  the 

air;  2ndly,  when  passed  through  a tube  heated  in  one  or  more  places; 

3rdly,  when  passed  into  a solution  of  argentic  nitrate  ; 4thly,  when  passec 

through  concentrated  nitric  acid?  , 

20  Explain  the  formation  of  antimonietted  hydrogen  and  state  1st,  wliat  p 

parties  arsenietted  hydrogen  has  in  common  with  antimonietted  hydro- 
gen ; and,  2ndly,  how  it  differs  from  the  latter  in  its  chemical  deportment 

with  argentic  nitrate.  . -a 

21.  How  would  you  distinguish  between  an  arsenic  and  antimony  mirror . 

22  State  how  arsenic  can  be  separated — 1st,  from  antimony,  2ndly,  from  tin. 

23  D2  grin,  of  finely  divided  gold  has  been  obtained  by  boding  a solution  of 

arsenious  acid  with  auric  chloride;  how  much  As;0;l  by  weight  did  the 

24.  Calculate ''t  he ' 'percent  age  composition  of  amnionic  magnesie  arseniate, 
(AaOAmoMgo"  + fiAq.). 


4 GOLD,  An'  and'".— Gold  is  generally  found  native  and  is 
then  readily  recognised  by  its  colour,  malleability,  and  pliysica 
character  generally.  Gold  occurs  in  anything  like  considerable 
quantities  in  combination  only  with  the  rare  element  teliurium.  I 
small  quantities  it  occasionally  accompanies  metallic  sulphides. 

EXAMINATION  IN  THE  DKY  WAY. 

When  heated  on  charcoal  with  sodic  carbonate  and  borax  m the 
reducing  flame,  gold  compounds  yield  a yellow,  very  malleable 

globule  of  metallic  gold. 

powdered  mineral  is  fused  Tlu>  globule  of  white  metal  which  is 

cupelled,  as  will  be  described  undor  s lvor  J dige8ting  with  a 

left  on  the  cupel  is  beaten  out.andtlie  silver  "fngat/is  po^d  ofl; 

little  rutrio  acid  m a sma  P watev.  The  black  insoluble  residue  is  once 

ire  toS  brfor.  the  blowpipe,  when  it  ~ tbe  well-known 

*PPSX«  S.Sfted,u«»aj  contain  . »n»ll  qtmntity  oi  eoia,  wl.ieh,  on  die- 

solving  in  nitric  amd,  “ anUty  oTtdveT  isrpreBent  in  the  button  (which  may 

of  assaying  gold. 

EXAMINATION  IN  THE  WET  WAT . 

:R  soluble  in  aqua  regia  only,  forming  a 
solS  of“  me.  CHbOBiM,  AtiCl,,  which  m,  be  employed  for 
studying  the  reactions  m the  we  wn^  l tion  a Mack  preci- 
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precipitate  of  atirous  sulpliirfe,  Au2S 


{ 


"Au' 

"Au' 


These  precipi- 


tates are  insoluble  in  hydrochloric  and  nitric  acids,  but  dissolve  in 
aqua  regia.  They  are  likewise  insoluble  in  normal  ammonic  sul- 
phide, but  soluble,  although  with  difficulty,  in  yellow  sulphide,  more 
readily  iu  yellow  sodic  sulphide,  with  which  they  form  a sulpho-salt, 
AuNas3. 

SAm2  and  SSONao2,  same  precipitate. 

KHo  or  NaHo  produces  no  precipitate. 

AmHo  produces  from  a concentrated  solution  of  auric  chloride  a 
reddish  yellow  precipitate  of  amnionic  auratc  or  fulminating’  gold, 


( N H3)  2Au203, 


_ NvH2HoAun 
~ NvH2HoAuU’ 


thus : — 


2Au013  + 8AmHo  = (NH3)2Au203  + 6AmCl  + 50H2. 


The  detection  of  gold  is  attended  with  no  difficulty,  owing  to 
the  facility  with  which  auric  chloride  is  reduced  to  the  metallic 
state.  Gold  has  little  affinity  for  non-metallic  elements  ; the  com- 
pounds which  it  forms  with  them  are  readily  broken  up  by  heat 
alone,  or  on  being  brought  in  contact  with  bodies  which  have  more 
affinity  for  the  metalloids,  leaving  metallic  gold  in  a finely-divided 
condition,  as  a brown  powder,  which  acquires  metallic  lustre  when 
dried  and  nibbed  in  a mortar.  Hence  in  auric  chloride  we  possess  a 
powerful  oxidizing  agent,  as  we  have  already  seen  under  tin,  anti- 
mony,  and  arsenic.  The  same  oxidizing  action  is  called  into  play, 
when  AuC13  comes  together  with  solutions  of  sulphurous  and  oxalic 
acids,  ferrous  sulphate,  or  chloride,  cuprous  chloride,  dissolved  in 
hydrochloric  acid,  mercurous  nitrate,  potassic  nitrite,  sugar  in  an 
alkaline  liquid,  and  many  other  organic  substances  ( e.g .,  the  epider- 
mis) ; arsenietted,  antimonietted,  and  phosphoretted  hydrogen 
decompose  AuC13  likewise. 

The  following  equations  express  these  changes  : — 


(1)  2AuC13,  when  ignited  splits  up  into  Au2  + 3C12. 

(2)  Au2S3,  „ „ „ Au2  + S3. 

(3)  2AuC13  + 3SOIIo2  + 30H2  = 

<*>  2A»0I>  * !{SE 

(5)  2AuC13  + GFeCl2 

(6)  2AuC13  + 6S02Feo" 

(7)  2AuC13  + 3Cu2C12 

(8)  2AuC13  + 3^°*Hgjo" 

(9)  2AuC13  + 3NOKo  + 3C 

(10)  2AuC]3  + 2AsII3  + 30 

(11)  2AuC13  + SbII3 

In  the  analysis  of  a solution  containing  gold,  as  well  as  some 
other  metals  of  Group  II,  precipitable  by  SH2,  it  is  usual  to  first 


— 

Au2 

+ 

3S02Ho2 

6HC1. 

= 

Au2 

+ 

fiC02 

+ 

6H01. 

= 

Au2 

+ 

3Fe2ClG 

= 

Au2 

+ 

FeoClj 

+ 

2S3OtiFe2oT*. 

= 

Au2 

+ 

6CuC12. 

= 

Au2 

+ 

„no2„  „ 
3no2hs° 

+ 

3HgCl., 

= 

Au2 

+ 

3N02Ko 

+ 

6HC1. 

= 

Au2 

+ 

2AsIIo3 

+ 

GHC1. 

= 

Auo 

+ 

SbCl3 

+ 

3HC1. 
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6. 

7. 


“"‘(fold  °^ec!p^a  LS  °'  AU01’ 

by  most  metals,  even  by  Pt,  Ag,  and  Hg. 

QUESTIONS  AND  EXERCISES. 

1 How  would  you  treat  a silver  coin  containing  a small  quantity  of  gold,  m 
order  to  extract  this  latter  metal  from  it  ? 

2.  How  is  AuC13  prepared?  iwpn„red  from  AuCl3,  in  the  wet  way. 

3.  Describe  how  pure  metallic  go  J d pa  when  gently  heated  in  a 

* „ith  boai„ 

6-  wt?  «t.  »f  “oh,““ho” 

* 

‘ wtoti'‘1“p"0“‘*g'°f  soW  m 
s U«>— > « b“  bb““a  b,‘"° 

ignition  of  125  gm-  ot  AuUla?  ld  is  suspoladcd  from  the  positive 

°*  ^^lectro^i^^bat^of^uCl.^metallic^copper  forming  the  negative  elec- 
trode ? Explain  the  process  of  electro-gilding. 

mT-kTTTM  -pj.il  „11(i  iv  — This  metal  is  found  native, 

£ i»»ai  taxL  it  can.  therefore,  oh,  he  examined  in  ike  »»< 
""'^Unalloyed  platinum 

dilelnt'KOir  A soL™»  or  this  »w  b employed  for  studying 

the  reactions  of  platinum.  slowlya  dark  brown  precipitate  of 

SH2  (grou,.- reagent)  piod  tJe  preCipitate  forms  quickly, 

platinic  cllHUlpliiiic,  • i-  ,,ydc  acid,  soluble  in  aqua  regia; 

fit,  aswft-ss.  s »» - ■ 

SAm2,  same  precipitate.  compounds  wbicb  it  forms 

Pttjli  is  interesting  on  Xu^s  land^th  the  chlorides  of 
with  the  chlorides  of  th  . j*  alkaloiclSj  Buch  as  quinine, 

many  organic  bodies,  e.y., 

nicotine,  etc.).  u crystalline  precipitate  of  amnionic 

AmCl  produces  a ^om  dilute  solutions  a precipitate 

iilatlnlc  ciilorUic,  2Am  , . ^ dryness  on  a water-bath.  u 

''obtained  only  ^iTSllnwai?,  insoluble  in  alcohol, 
precipitate  is  somewhat  soluble 
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KC1  produces  a yellow  crystalline  precipitate  of  potassic  platinic 
chloride,  2KCl,PtCl4,  analogous  in  its  appearance  and  properties  to 
the  precipitate  just  described. 

NaCl  forms  with  platinic  chloride  a double  chloride,  which  is,  however, 
soluble  iu  water,  and  is  obtained  iu  needle-shaped  crystals  only  after  considerable 
evaporation. 

The  precipitate  produced  by  platinic  chloride  witb  AmCl  and 
KC1  serves  for  the  detection  and  isolation  of  platinum,  and  vice  versa, 
for  the  detection  of  ammonium  or  potassium  compounds.  (Comp. 
Chapter  II). 

Platinum  is  capable  of  forming  a lower  chloride,  viz.,  platinous 
chloride,  "Pt''Cl2,  in  which,  the  platinum  acts  as  a dyad.  This  salt 
is  obtained  by  heating  the  platinic  chloride  for  some  time  in  an  air- 
or  oil-bath  up  to  204°  C.,  as  long  as  any  chlorine  is  evolved ; or  by 
acting  with  sulphurous  acid  upon  a solution  of  platinic  chloride, 
until  the  latter  ceases  to  give  a precipitate  with  ammonic  chloride. 
PtCl2  is  a greenish-grey  powder,  insoluble  in  water,  but  soluble  iu 
hydrochloric  acid. 

Several  reactions  in  the  wet  way  for  platinum  are  based  upon 
the  power,  which  its  salts  possess,  of  oxidizing  other  bodies  which 
have  some  bonds  left  unsatisfied ; but  as  platinic  salts  are  not  so 
easily  reduced  as  gold  salts,  a solution  of  the  latter  metal  is  generally 
preferred.  After  what  has  been  stated  under  gold,  the  following 
reactions  will  be  readily  understood  : — 

PtCl4  produces  with  SnCl2  only  a dark  brownish-red  colour, 
owing  to  the  reduction  of  the  platinic  to  platinous  chloride. 

PtCl4  is  reduced  by  S02Peo"  only  after  long-continued  boil- 
ing. 

f H 

PtCl4  is  reduced  to  platinum  by  formic  acid,  < QOIIo’  on  ^iea^' 

ing,  if  the  free  acid  be  neutralized  with  sodic  carbonate. 

Metallic  zinc  precipitates  metallic  platinum. 

It  is  obvious  that  platinous  chloride  could  act  as  a reducing 
agent,  but  it  is  rarely  employed  for  this  purpose. 

Whenever  platinum  and  gold  are  contained  in  a solution,  together 
with  other  metals  of  Giro  up  II,  precipitable  by  sulphuretted  hydrogen, 
it  is  preferable  to  remove  the  gold,  by  means  of  oxalic  acid  (which 
does  not  reduce  platinic  chloride),  before  removing  the  platinum  by 
evaporation  with  ammonic  chloride. 

QUESTIONS  AND  EXERCISES. 

1.  How  is  platinic  chloride  prepared  P Give  an  equation. 

2.  How  much  metallic  platinum  iB  left  when  two  grms.  of  PtS2  are  strongly 

ignited  in  a porcelain  crucible  ? 

3.  How  much  Pt  will  be  left,  when  1'5  grm.  of  2AmCl,PtCl4  is  ignited? 

4.  Calculate  how  much  potassic  platinic  chloride  ought  to  be  obtained  from 

•521  grm.  of  KC1. 

5.  How  is  platinous  chloride  prepared  ? 


C)2  SEPARATION  OP  ARSENIC,  ANTIMONY,  ETC. 

Separation  of  the  metal,  anemia,  antimony,  «*“£  mU 

phides  me  soluble  in  yellow  mmmmcmlph.de,  "’'  “ "f'  '1’  , in 

The  precipitate  produced  by  the  group-reagent,  is  soluble  m 

yellow  ammonic  sulphide,  or  in  sodio  hydrate  and  may  =t  of 

m^Sed  t£t tsLCrsriph4°iBVeseht.  H » W * » 

l0°  Thef°three  sulphides  are  unequally  soluble  in  hydric J* 

remamrag_tw > ‘ZTgLom  compound  with  hydrogen, 

/or  S purpose  the  two .rig** » 

Tin  is  found  in  the  generating  flask  j, 

metal  is  r?“0^a|i°^  o£T  Me  platinum  foil),  and  the  solution 
£S*£  mercuric  Chloride.  A "white  precipitate  of  mercurous 

",>™  The  solubility  of  As,S,  in  hydric  ammonia  carbonate. 
o The  formation  of  antimonietted  hydiogen. 

3’  The  precipitation  of  tin  by  metallic  zinc. 

A tabular  scheme,  embodying  /ol 

‘Sd»Sdrawup  tabular  seiiemes,  embodying  tbe  following 
five  methods. 

A method  of  separation  of  As,  Sb,  and  Sn,  may  be  based  upon 

. p a ri  q ciVi  ft  nrirl  SnS  by  concentrated 
lot  exertion  h to  three  oxides  (by  fusion  with 

causticso^ia hut silver crneible)  into  sodio  metantimomate,  arsen.ate 
andjflannatee  insolubility  of  SbO.Nao  in  cold  water  and  alcohol 

(AsONaoq  and  Sn°Nao2  he^ng  ^uble)^  ^ into  As,S3  and 

3rd.  The  sulphuretted  hydrogen. 

Sn!thr'SeeaToWnity  of  ASA,  when  heated  in  a current  of  dry 

SH-6r  ThfabtltC tfte  volatiW  As,S,  in  a solution  of 
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METHOD  OF  SEPARATION  OF  As,  SR,  AND  SN. 

sodic  hydrate,  oxidation  by  chlorine  and  precipitation  as 
AsOAmoMgo''. 

6th.  The  conversion  of  the  non-volatile  SnS  into  Sn02  by 
ignition  in  air. 

Another  method  is  based  upon  : — 

1st.  The  precipitation  of  arsenic  and  antimony  in  the  form  of 
sulphides,  by  boiling  a hydrochloric  acid  solution  of  the  three  metals 
with  sodic  hyposulphite,  tin  remaining  in  solution. 

2nd.  By  boiling  the  precipitated  As3S3  and  Sb.,S3  with  hydric 
potassic  sulphite  and  sulphurous  acid ; As2S3  is  converted  into 
potassic  metarsenite.  Sb2S3  remains  undissolved. 

A third  method  consists  in 

1st.  Removing  the  As2S3,  by  boiling  with  hydric  sodic  sulphite 
and  sulphurous  acid ; the  other  two  sulphides  are  not  dissolved. 

2nd.  The  oxidation  of  the  undissolved  Sb2S3  and  SnS2  with 
concentrated  nitric  acid  and  boiling  with  tartaric  acid ; Sb204  is 
soluble,  Sn02  remains  undissolved. 

A fourth  method  of  recognizing  arsenic,  antimony,  and  tin,  is 
based  upon : — 

1st.  The  introduction  of  a solution  (in  HC1  and  K03C1)  of  the 
three  sulphides  into  a hydrogen  apparatus,  and  passing  the  evolved 
arsenietted  and  antimonietted  hydrogen  through  a solution  of 
argentic  nitrate ; the  tin  remains  behind  precipitated  on  the  zinc. 

2nd.  The  solubility  of  the  precipitated  SbAg3  in  tartaric  acid, 
and  precipitation  of  the  antimony  by  means  of  sulphuretted 
hydrogen  from  a hydrochloric  acid  solution. 

3rd.  The  precipitation  of  the  AsAgo3  from  the  argentic  nitrate 
solution  by  means  of  ammonia. 

A fifth  method  of  recognizing  the  metals  of  Group  IIb,  depends 
upon : — 

1st.  The  insolubility  of  As2S3  in  strong  hydrochloric  acid,  Sb2S3 
and  SnS2  being  dissolved.  The  presence  of  arsenic  is  confirmed  by 
fusion  with  potassic  cyanide  and  sodic  carbonate. 

2nd.  The  precipitation  of  the  antimony  on  platinum  by  means  of 
a strip  of  metallic  zinc ; a black  stain  indicates  antimony. 

3rd.  Dissolving  the  tin  precipitated  on  the  zinc  in  warm  dilute 
hydrochloric  acid,  confirming  it  by  means  of  mercuric  chloride. 

PRACTICAL  EXERCISES  AND  QUESTIONS  ON  GROUP  IIb 

1.  Sulphuretted  hydrogen  produces  a fine  yellow  precipitate,  a portion  of  which 

is  soluble  in  yellow  ammonic  sulphide.  What  inference  would  you  draw 
from  this,  and  how  would  you  examine  both  the  solution  and  the  residuary 
yellow  sulphide? 

2.  Describe  several  methods  for  separating  As  from  Sb. 

3.  Examine  some  green  paper-hangings  for  As  (Scheele’s  green). 

4.  Test  a sample  of  commercial  hydrochloric  acid  for  As  and  Ee. 
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5.  Separate  As  from  Sn  in  a solution  of  SnCl2  and  As203,  containing  '500  grin. 

6.  An2yS;asdntion  SiS^OlO  grm.  of  As  and  100  gm.  of  $,  by  con- 

verting  the  two  metals  into  the  respective  hydrogen  compour  da.  f 

7 You  have  given  to  you  a hydrochloric  acid  solution  containing  g • 

Sn  and  'olo  gnm  of  Sb  f also  a strip  of  zinc  and  a piece  of  platinum  foil 
Describe  how  you  would  separate  the  two  metals. 

Test  a sample  of  iron  pyrites,  FeS2,  for  arsenic,  in  the  y 

A precipitate  consists  of  Sb2S3  and  As2S3.  Describe  <^rent  method^ 
of  analysis,  and  state  the  possible  causes  of  error  inheient  upon  each 

10  Andvse°a  mixture  of  Sn02  and  Sb204,  both  in  the  dry  and  wet  way. 

11 ' You  have  given  to  you  a solution,  containing  potassic  arsemte  and  arsenia  . 
State  how  you  would  identify  the  two  oxides  of  arsenic  in  the  presence  of 

each  other.  „ , , . . , 

12.  Test  a solution  of  stannic  chloride  for  stannous  chloi id e.  antimonious 

13.  How  can  you  detect  traces  of  antimomc  chloride  in  a solutio 

14  S 55 

oxidation  are  fused  with  caustic  soda  ? 


8. 


9. 


Chapter  VI. 

REACTIONS  OF  THE  METALS  OF  GROUP  I. 

This  group  comprises  the  metals  silver,  lead,  and  MEROURvin 
the  form  "of  mercurous  compounds,  which  are  precipitated  by  dilute 

hydrochloric  acid. 

1 SILVER  Ag.— This  motal  occurs  native also  as  sulphide 
. 7 7 cja  ' mid  in  combination  witli  antimony,  as  snip  no- 

or  Art  red  ritar  « 

salt  m trisuipii  ai  gena  . ^enic  as  trisulphargentic  sulphar- 

(BSTyrL(l,IsAg.,;  as  CHIOSM,  AgCI,  in  Urn  silver,  and 
other  ores. 

EXAMINATION  IN  THE  DRY  WAY. 

internal  diameter,  cut  with  a sharp  g moving  the  tube 

answers  best).  Heal,  ic  P°^  S h strongly  towards  the 
about  in  a Bunsen  gas  flame  ^ h^x  Jt[  ft  culTcnt 

cientre;  5 ^ sulphur  becomes 

of  air  is  made  to  Pas«  °v  sulphurous  anhydride,  readily  recog- 

°nuS  b;l  pungent  odour.  ’ Metallic  silver  is  loft,  together  with 

al^^^Sirffi^B  such  as  antimony,  arsenic  (selenium  and 
tellurta) Its  “SVnfly  P-ont  in  pyritical  silver  ores,  are 
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likewise  oxidized,  but  are,  to  a great  extent,  deposited  as  As,03  and 
Sb,03,  in  tbe  cool  part  of  the  tube. 

Mix  a little  of  the  finely-powdered  silver  glance  (or  of  the  roasted 
ore)  with  sodic  carbonate,  and  heat  upon  charcoal  under  the  re- 
ducing flame  of  the  blowpipe.  A globule  of  bright  metallic  silver 
is  left,  which  is,  however,  almost  invariably  contaminated  with  a 
little  carbon. 

Silver  ores  which  contain  no  other  fixed  element  but  silver,  are 
reduced  on  charcoal  to  the  metallic  state  by  a simple  fusion  with 
sodic  carbonate.  Antimony  and  arsenic,  if  present,  are  readily  vola- 
tilized as  metals,  before  the  reducing  flame.  The  sulphur  combines 
with  the  alkali  metal. 

Silver  ores  which  contain  non-volatile  metals,  such  as  copper, 
iron,  etc.,  as  in  argentiferous  fahl  ore,  and  from  which  the  metal 
silver  could  not  be  eliminated  before  the  blowpipe  flame,  are  treated 
in  the  following  manner : — 

Mix  TOO  grm.  of  the  finely-powdered  ore  with  its  own  bulk  of 
pounded  borax  glass  ;•  wrap  it  up  in  a small  piece  of  assay  lead  ;*  in- 
troduce it  into  a cavity,  made  in  a good  piece  of  charcoal,  and  fuse 
under  the  reducing  flame  of  the  blowpipe,  at  first  gently,  and  after- 
wards more  strongly.  The  heat  is  kept  up  till  the- whole  mass  has 
resolved  itself  into  a metallic  button  and  a clear  glassy  borax  bead, 
which  does  not  adhere  to  the  charcoal.  Should  the  metallic  button, 
on  cooling,  present  a dull  grey  surface,  indicati  ve  of  the  presence  of 
antimony,  it  is  next  heated  in  the  oxidizing  flame,  until,  on  cooling, 
it  shows  a bright,  somewhat  prismatic  surface.  It  is  then  detached 
from  the  borax,  cleaned  by  a blow  with  a hammer  and  carefully 
cupelled  on  some  bone-ash  (tricalcic  phosphate,  P302Caio''3),  pressed 
into  a shallow  cavity  in  a piece  of  charcoal,  the  surface  being  made 
smooth  and  thoroughly  concave  with  the  round  end  of  a pestle.  The 
button  is  thoroughly  freed  from  borax,  placed  in  the  cupel  and 
heated  in  the  oxidizing  flame.  The  lead  is  oxidized  and  absorbed  by 
the  porous  bone-ash,  forming  a mass  of  fused  litharge  around  the 
metallic  bead.  If  one  cupellation  does  not  yield  a brilliant  white 
globule  of  silver,  i.e.,  if  the  copper  has  not  been  entirely  removed — a 
fact  which  is  indicated  by  a black  colour,  instead  of  the  pale  yellow 
colour  of  the  litharge,  in  the  cupel — the  cupellation  of  the  button 
must  be  repeated  in  a fresh  cupel,  and  the  button,  if  necessary, 
re-melted  with  a small  quantity  of  assay  lead.  The  silver  not  being 
an  oxidizable  metal,  is  obtained  in  the  metallic  state. 

Small  quantities  of  silver  must  be  separated  from  lead  (as  well  as 
from  other  metals),  by  cupellation. 

Fuse  some  finely-powdered  argentiferous  galena,  PbS,SAg2  (or 
PbAgs2),  on  charcoal  before  the  reducing  flame  of  the  blowpipe, 
either  alone  or  with  sodic  carbonate.  A bead  of  an  alloy 
of  much  lead  and  very  little  silver  is  left.  Expose  this 
bead  on  a small  cupel  (Fig.  15)  to  the  oxidizing  action 
of  the  blowpipe  flame.  The  lead  is  oxidized  and  absorbed  Fl°- 15. 
by  the  cupel,  metallic  silver  being  left. 

* Lead  free  from  silver,  prepared  from  plumbic  acetate. 


gg  REACTIONS  OF  SILVER. 

^ Dried  AgCl  i.  mixed 

transferred  to  tire  clrarcoal  and  heated  m .me  re  . JS 
blowpipe.  A button  of  metallic  silver  is  left,  tli  • 

2AgCl  + CONao,  = 2NaCl  + C02  + O + Ag2. 

REACTIONS  IN  THE  WET  WAT. 

For  the  reactions  of  silrer  in  the  wet  way  we  employ  a SOWT.ON 

OF  ARGENTIC  nitrate,  NO.Ago.  , ,,  maci,  etc.),  gire  a 

HC1  (sro«P-rc«?e».),  and  so.ume  e O « ' ptm„ 

WKU  curdy  precaprWe  of  Loiuble  in  water 

vioht  on  eRposnre  to  l^hto^ihe.p  nitrio  and  hydro- 

and  dilute  acids  , sbg  3 nmmonic  hydrate,  potassic  cyanide, 

chloric  acids ; reac  1 y so  u a]so  t0  a perceptible  extent  in 

X“icm:So«tt  « «»“»" 

Wl^OolhwMhe  preeipitated  ^®^palI^e^i^tOTi^ble^erTa' 

r£po»i«  » ™» i'"’”0*1  *-**  ‘”d  - “°  ■* 

• Sif 2o“t‘S 

hydrochloric  acid  and  a ^ 0 . ‘ remove8  the  chlorine  and  leaves  the  metallic 

metallic  zinc  and  silver.  1 hon  the  white  curdy  precipitate  of  argenti 

silver.  The  same  action  takes  place  w.  zinc. 

chloride  is  brought  ^ contac^'l  1 1 L silver  from  silver  residues. 

This  forms  a convenient  metnou  6 n A o-  in  the  form  of 

a 0%  orygen,  and  is 

“T^Ho,1’ wlTp^Tly  Sided,  precipitates  argentic  oa.de,  readily 

soluble  in  excess.  argeiltlc  sulphide,  SAg2,  from  acid  solu- 

SH2  precipitates  mac/c  a ^ alkalieS)  alkaline  sulphides,  and 
tions ; insoluble  in  ddu  e in  dilute  boiling  nitric  acid,  with 

potassic  cyanide;  leauny 

’eps£Tc«  *-*«*>  ww- from  nsutrnl  BOl“‘ 

tions  blah precipitate  of  areentlc  >»"<•''=.  AgJ. 

ins^i^IXSf  — - — h^te 

ns"™ 

r ^irhytoX^s;  •% 

hyposulphite ; i^omposed A>y  «>  / to  AgC1. 

ald°fL&'Sn“S  hydrate,  hut  reprecipitated  hy  dilute  nitric 
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acid  ; soluble  in  sodic  hyposulphite.  The  precipitate  is  decomposed 
by  concentrated  boiling  nitric  acid;  it  is  decomposed  also  when 
heated  by  itself  in  a porcelain  crucible,  to  paracyanide,  metallic  silver, 
and  cyanogen  gas  (distinction  prom  AgCl,  Agl,  and  AgBr). 

Place  a bright  and  clean  strip  of  copper  into  a solution  of 
argentic  nitrate.  The  copper  becomes  rapidly  covered  with  a 
lustrous  coating  of  metallic  silver ; and  the  solution,  after  a time, 
gives  no  more  precipitate  with  hydrochloric  acid.  The  silver  is 
deposited  on  the  copper  in  the  metallic  state,  and  the  solution 
contains  now  N204Cuo''  : an  equivalent  quantity  of  copper  (63-5 
by  weight  of  copper  for  every  216  of  silver)  having  been  dis- 
solved. 

Place  a small  globule  of  mercury  into  a concentrated  solution  of 
argentic  nitrate  on  a watch-glass.  The  globule  of  mercury  becomes 
rapidly  covered  with  a crystalline  mass,  resembling  some  vegetable 
growth,  termed  arborescence.  After  a time  the  whole  of  the  silver 
becomes  removed  from  the  solution,  and  the  solution  contains  in  the 
place  of  the  argentic  nitrate,  mercuric  nitrate,  N^Chl-Igo".  Metallic 
silver  is  precipitated  and  forms  with  the  mercury  an  amalgam 
which  is  crystalline.  This  crystalline  mass  is  termed  a silver  tree 
( arbor  Dianas') . 

Strips  of  the  metals  Zn,  Fe,  Sn,  Sb,  Pb  may  likewise  be  employed 
for  the  precipitation  of  metallic  silver. 

These  changes  illustrate  the  action  of  the  more  electropositive 
metals  upon  solutions  of  less  electropositive  metals,  induced  by  vol- 
taic electricity.  They  come  under  the  third  class  of  chemical  changes, 
viz.,  displacement  of  one  element  by  another  element. 

Take  a clear  solution  of  one  part  of  grape  sugar  and  6 — 8 parts 
of  distilled  water,  and  a somewhat  dilute  solution  of  argentic 
nitrate.  Heat  the  latter  in  a test-tube,  nearly  to  boiling,  and  add 
the  grape  sugar  solution.  The  liquid  becomes  at  once  turbid,  and  a 
greyish- white  powder  of  metallic  silver  falls  to  the  bottom;  or  a 
yellowish-white  metallic  deposit  forms  on  the  sides  of  the  test-tube 
which,  on  rubbing  with  a glass  rod,  shows  bright  streaks  of  metallic 
silver.  The  metallic  silver  can  be  filtered  off  and  fused  on  charcoal, 
before  the  blowpipe,  to  a brilliant  globule. 

The  cause  of  the  reduction  of  the  argentic  salt  must  evidently  be 
sought  for  in  the  grape  sugar.  We  have  seen  that  argentic  oxide 
loses  its  oxygen  readily  on  ignition.  Certain  organic  substances,  such 
as  grape  sugar,  formic  acid,  and  aldehyde,  are  known  to  combine 
eagerly  with  oxygen,  and  the  OAg2  (in  two  molecules  of  N02Ago) 
parts  with  its  oxygen  and  yields  a deposit  of  metallic  silver. 

This  reaction  has  found  an  important  practical  application  in  the 
manufacture  of  looking-glasses,  etc. 

The  silver  in  the  argentic  nitrate  is  displaced  by  hydrogen  from 
the  organic  bodies,  nitric  acid  being  left  in  solution,  carbonic  anhy- 
dride and  water  the  two  ultimate  products  of  oxidation  of  organic 
matter  being  formed  by  the  oxidation  of  the  organic  substances. 

Ignite  a few  crystals  of  argentic  acetate,  j cqa„0>  a covered 
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the  shape  of  the  original  crystals. 

QUESTIONS  AND  EXERCISES. 

i ? 

I:  sSasa^^- 

7.  h/w‘™S  N.C1  wiU  be  requited  to  concert  15  grm.  of  NOeAgo  mto 

8.  A dilute  solution  of 

t^frem'Vc.c.  of  tbe  acid  sola- 

8.  How  much  mebdlio  .upper  i.  required  to  precipitate  1 grm.  of  -g.utic 
nitrate?  f CH3  ot1a  ilfiw 

10.  Whet  i.  tbe  percentage  composition  of  argentic  acetate,  { coign'  ^ 

U la“et 

L:  *S!ZS 

2.  lead,  “““ 

^MUS^OOI^  in  M m 

leadhUlUe,  So^H'’  ®°*Pb°"’  ’ “ °X'C““’ 

r°vTphn  2PbO  = Cl— Pb— 0— Pb— O— Pb— Cl;  as 
bide,  m mewhpite,  Pb012,zrDU,  ^ l(/0  p,  „ \ 

phosphate  and  oxychloride,  in  pyromorpMte,  P303Pbo  ^C1  ; • 

examination  in  the  dry  way. 

The  principal  blowpipe  by” themselves, , or  in 

pounds  on  charcoal  to  m<?  , orpotassic  cyanide,  and  in  the 

conjunction  with  sodic  car^0IU  ’ £ yield,  which  disappears 

yellow  incrustation  of  oxide  w a Hue  colour  to  the 

when  heated  in  the  oxf  ^ piac“when is  heated  with 

U - 13  “pressed 

by  the  equation : 

' 7PbS  + 4CONaOe  = 4Tb  + ~ + + 

tal  when  heated  in  contact  with  air,  or  in  the  pretence  of  an 
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oxidizing  agent,  such  as  saltpetre,  the  loss  of  lead  in  the  slag  is 
avoided,  thus : — 

PbNas2  + 70  + CONao2  = Pb  + 2S02lSrao2  + C02. 

When  galena  is  roasted  in  a glass-tube  open  at  both  ends,  it  is 
converted  into  S02Pbo",  PbO  and  S02,  thus  : — 

(1)  PbS  + 04  = S02Pbo''. 

(2)  PbS  + 03  = PbO  + S02. 


With  borax  and  microcosmic  salt,  lead  compounds  give  in  the 
outer  flame  a clear  yellowish  glass  (owing  to  the  combination  of  the 
PbO  with  the  boric  or  phosphoric  acid,  and  formation  of  a sodic 
plumbic  borate  or  phosphate),  which  is  colourless  when  cold. 

All  lead  minerals,  especially  the  antimonial  sulpho-salts,  boulangerite,  Sb2Pbs3, 
boumonite,  SboPbs'^tCi^S'^)/'  jamesonite,  Sb4S3Pbs//Pbs,/2,  and  argentiferous 
galena,  contain  more  or  less  silver,  as  may  be  ascertained  by  carefully  cupelling 
the  metallic  button  on  charcoal  (comp,  silver,  page  95). 

The  presence  of  antimony,  arsenic,  and  sulphur  reveals  itself,  when  these  ores 
are  heated  on  charcoal  (garlic  odour  and  fumes  of  As203,  or  Sb,03) , or  in  a glass- 
tube  open  at  both  ends  (white  sublimate,  fumes,  and  odour  of  S02). 


EEACTIONS  IN  THE  WET  WAT. 


For  the  reactions  of  lead  in  the  wet  way  we  employ  either  a 
solution  op  PLUMBIC  nitkate,  JJ^Pbo",  or  acetate ( | £Q:i)2Pbo"  ; 

most  other  plumbic  salts  being  insoluble  in  water. 

HC1  (group-reag-cnt),  or  soluble  chlorides  give,  with  a not  too 
dilute  solution  of  plumbic  salts,  a heavy  white  precipitate  of  plumbic 
chloride,  PbCl2,  soluble  in  much  cold  water,  readily  in  boiling 
water,  from  which  the  plumbic  chloride  crystallizes  out,  on  cooling, 
in  fine  needles  ; less  soluble  in  solutions  containing  dilute  hydro- 
chloric or  nitric  acid.  Ammonia  converts  it  into  a basic  salt,  of  the 
composition,  PbHoCl  ( plumbic  chlorohydrate ), — a white  powder 
almost  insoluble  in  water. 

NaHo  or  KHo  precipitates  plumbic  hydrate,  PbHo2,  soluble  in 
excess  of  the  reagent,  especially  on  heating.  The  PbHo2  must  be 
viewed  as  acting  the  part  of  a weak  acid,  on  combining  with  the 
strong  alkali  base. 

AmHo  precipitates  a white  basic  salt,  insoluble  in  excess.  The 
precipitate  forms  only  slowly  in  a solution  of  plumbic  acetate. 

SH2  precipitates  blade  plumbic  sulphide,  PbS,  from  acid  solu- 
tions.  If  a large  excess  of  hydrochloric  acid  be  present,  the  pre- 
. . f PbCl 

cipitate  is  reddish  hr  own,  consisting  of)  S , (dipluvibic  sulvho- 
t,  ......  ^ _ (PbCl 

is  obtained  ^ considerably  with  water,  a blade  precipitate 


°r  ®olublc  sulphides,  precipitate  likewise  blade  PbS  in- 
soluble in  dilute  acids,  alkalies,  and  alkaline  sulphides.  Plumbic 
sulphide  is  soluble  in  hot  dilute  nitric  acid,  plumbic  nitrato  beinn- 

H 2 8 


100  reactions  of  lead. 

formed,  with  separation  of  sulphur.  Conwmtrated  nitric ^cid  con- 
verts it  into  SO.Pbo"  ; the  oxidation  extends  to  the  su.phu  , 

aB  ‘sO-Hottud  soluble  ...... uu.es,  precipitate  M 

. ..  SOoPbo"  almost  insoluble  in  water,  especially  m t P , 

r^fs°omuCsulphui.ic  acid ; 

sodic  hyposulphite,  ammomc  acetate  01  tartra  , 1 

excess  of  amnionic  hydrate,  from  ate 

CrO-Koj,  precipitate  the  lead  again.  pp  p;  sulphate  sepa- 

(methylated  spirit).  -hrnmate  Cr02Pbo'' 

molecule  of  plumbic  hydrate,  w..,  co(OPbHo) 
myirate  dioarlmate),  insoluble  in i waterand 

•KI  gh- * JlrerX“oUlCmu=l.  hot  water,  from  which 

it,6^e“l,Se”tSJ “plumbteoruniac  PbCy„  insoluble  in 

**  “id-  TL»“ 

strikingly  on  dissolving  a fw  ounces  ol  p o ^ and  suspending  in  tlio 

tilled  water,  with  the  addition  ad  The  zinc  becomes  covered  with  a 

solution  a piece  of  zinc  fro“  , 1U  l d w],ich  increases  rapidly,  if  the  solu- 
beautiful  crystalline  deposit  of  le^  api,earance  of  a branch  of  a tree 

tion  be  loft  undisturbed,  and  acquires  U gerved  for  days  m unaltered 

(arbor  Saturni).  The  metaUiC  B f,.olu  the  piece  of  zinc,  the  latter  is 

beauty.  On  removing  the  precipha  J in  size  and  weight.  The  lead 

found  much  corroded  and  eonsidei  y dried  and  fused  in  a crucible, 

£ SUSS  S«“by  f ighing  tee  — »»■  -<»»  - rf‘“  ””  ’ 

as  well  as  the  precipitated  lead.  u porcelaiu  crucible  or  m a test-tu  ie, 

Heat  a little  red  lead,  Pt>3<J4,  m 

- expressed  by  the 

* The  composition  of  commercial  rw 
formula  Pto  jO.,. 
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to  which  a delivery-tube  is  attached.  Oxygen  gas  is  given  off,  which  may  be 
collected  in  the  usual  manner  over  water.  The  residue  is  dark  yellow,  and  on 
cooling  turns  bright  yellow.  It  consists  of  plumbic  oxide,  PbO  (litharge), 
according  to  the  equation  : — Pb;l04  = 3PbO  + O. 

Treat  a little  Pb304  with  dilute  hydrochloric  acid  in  a test-tube,  and  heat 
gently.  A greenish  yellow  gas  comes  off,  and  the  red  lead  dissolves  to  plumbic 
chloride.  The  gas  is  readily  recognized,  by  its  odour,  as  chlorine  : — 

Pb304  + 8HC1  = 3PbCl2  + Cl2  + 40H2. 

Treat  another  portion  of  red  lead  with  dilute  nitric  acid.  The  red  colour 
changes  to  brown — the  colour  of  plumbic  dioxide,  Pb02.  The  reaction  is  ex- 
pressed by  the  equation  : — 

Pb304  + 4N0.2Ho  = 2^°“Pbo"  + Pb02  + 20IL. 

Lead  can  thus  combine  either  with  one  or  two  atoms  of  oxygen  to  form  PbO 
or  Pb02 ; it  can  exist  in  the  dyad  or  tetrad  condition  (Pb"  and  Pbiv)  and  red 
lead  is  obviously  composed  of  two  oxides,  of  Pbiv02  + 2Pb"0.  The  plumbic 
dioxide  in  red  lead  yields  the  oxygen.  It  is  written  graphically : — 


PbivPbo"2  = Pb</  \pb^  \Pb  (Triplumbic  tetroxide). 

\n/  XK 


The  minerals  plattnerite,  Pb02  and  minium , Pb304,  represent  the  corre- 
sponding natural  oxides. 

It  is  evident  from  the  above  experiments,  that  lead  occurs  more  frequently  in 
the  dyad  than  in  the  tetrad  condition. 

S02Ho2  forms  with  Pb02  a sulphate,  oxygen  being  given  off. 

Pb02  absorbs  sulphurous  anhydride  abundantly,  forming  S02Pbo". 

HC1  liberates  chlorine  from  plumbic  dioxide. 

Minimi  or  red  lead,  and  the  brown  plumbic  dioxide  are  powerful  oxidising 
agents.  They  furnish  us  likewise  with  ready  means  for  preparing  chlorine  gas. 


QUESTIONS  AND  EXERCISES. 

1.  Calculate  the  percentage  composition  of  plumbic  acetate. 

2.  How  much  oxygen  by  weight  and  by  volume  (at  0°  C.  and  760  mm.)  can  be 

obtained  from  30  grms.  of  red  lead  ? 

3.  Write  out  the  symbolic  equations  for  the  reactions  of  lead  in  the  wet  way. 

4.  How  can  Pb  be  separated  from  Ag,  in  the  wet  way  P — 1st,  by  using  hydro- 

chloric acid  ; 2nd,  potassic  cyanide  ; 3rd,  sulphuric  acid,  as  a precipitant. 

5.  Give  graphic  formula;  for  white  lead,  red  lead,  plumbic  acetate,  mendipite, 

plumbic  chlorohydrate,  plumbic  nitrate  and  chromate,  diplumbic  sulpho- 
dichloride. 

6.  How  much  HC1  by  weight  will  be  required  to  decompose  10  grms.  of  red 

lead  ; and  how  much  chlorine  gas  will  be  evolved — 1st,  by  weight ; 2nd,  by 
volume  at  0°  C.  and  750  mm.  pressure  ? 

7.  How  would  you  separate  Pb  and  Sb  in  type  metal  ? 

8.  Describe  how  you  would  analyse  an  alloy  of  5 parts  of  lead,  3 parts  of  tin, 

and  8 parts  of  bismuth,  a so-called  fusible  alloy  molting  at  98°  O. 

9.  Calculate  the  percentage  composition  of  Pb4Sb  (type  metal). 


3.  MERCURY. — (Mercurosum)  'Hg'2. 

We  employ  a solution  of  mercurous  nitrate,  j^Q2Hg2o". 

HC1  (group-reagent),  or  soluble  chlorides,  give  a white  precipi- 
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tate  of  mercurous  chloride,  'Hg'2Cl2  (calomel)  which  is  insoluble  in 
dilute  acids  and  is  blackened  by  KHo  or  ArnHo  the  Mter  con- 
verts it  into  'Hg',0  and  in ercurosammomc  chloride,  lNJi2.tL  2vu. 
SfrcurouTis  concerted  into  mercuric  chloride  by  the  add-on  of 
chlorine  water.  Concentrated  hydrochloric  acid  converts  it,  upon 
long-continued  boiling,  into  HgCl2  and  grey  metallic  mercuiy. 

Nitric  acid  oxidizes  it  readily  into  HgCl2  and  NQ^go",  with  evolu- 
tion of  nitrous  fumes.  Dry  'Hg'2Cl2  sublimes  unchanged. 

NaHo  or  KHo  gives  a black  precipitate  of  mercurous  oxide. 

'Hd'iO  insoluble  in  excess. 

AmHo  produces  a black,  precipitate  of  basic  lUmcrcnrosammoalc 
nitrate  by  the  substitution  of  'Hg',  for  2 atoms  of  hydrogen  in  two 
of  Amo,  thus  : — 

2^Q'Hg2o"  + 4 AmHo  = N303'Hg’2o'' 202J 

Basie  dimcreurosammonic  nitrate. 

+ 2N02Amo  + 30Ho. 

The  precipitate  is  insoluble  in  excess.  insoluble  in 

SH2  precipitates  black  mercurous  sulphide,  Hg  2S, 
excess  or  hi  dilute  acids ; soluble  in  aqua  regia  or  in  yellow  potassic 
sulphide.  When  boiled  with  concentrated  nitric  acid,  the 

atom  of  mercury  in  'Hg'2S  is  converted  into  NQ2Hgo",  and  a white 
compound  of  mercuric  nitrato  and  sulphide,  N02OHg/>^’ 

S A mo  nroduces  the  same  black  precipitate. 

A clean  strip  of  metallic  copper  precipitates  from  mercurous 
solutions  metallic  mercury,  cupric  nitrate  being  left  .»  .»«»•  On 
gently  rubbing  the  greyish  deposit  with  a piece  ol  wrfi-leath  ^t^ 

JS2£  “cur§“zbfre,TbfB *%*«■*•  <**  — 

positive  w 1 t " or  SnGl  produces  a grey  precipitate  of 
meHlhf mercury,  ot  decanting  tile  liquid  and  boiling  the  grey  de- 
™sitwith  hydrochloric  acid,  distinct  metallic  globules  are  obtained. 
The  changes  may  be  expressed  thus 

NO,H  „ + gOHoi  + OH,  = 2Hg  + 2NO,Ho  -r  SOiHo,. 

N O2 

3NO‘Hg!o"  + 6SO,IW'  = 6Hg  + 2(SO,)J?W'i  + (NO,).rw«. 
N O2 

N02H  ,,  + SnCl2  + 2HC1  = 2Hg  + SnCli  + 2N03Ho. 

NO2 

Mercurous  salts  act  thus  the  part  of  oxidizing  agents,  when 
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coming  in  contact  with  more  powerful  reducing  agents : a property 
which  in  conjunction  with  the  reducing  action  which  they  exert  under 
favourable  circumstances,  proves  clearly  that  the  double  atom  'Hg'2 
possesses  but  little  chemical  affinity  for  other  elements,  and  that  the 
compounds  which  it  forms  are  rather  unstable. 

QUESTIONS  AND  EXERCISES. 

1.  Write  out  the  graphic  formulae  of  calomel,  mercurous  nitrate,  mercurous 

oxide,  mercurosammonic  chloride,  basic  dimercurosammonic  nitrate. 

2.  Write  out  equations  for  the  reactions  which  mercurous  compounds  give  in 

the  wet  way. 

3.  How  can  mercurous  chloride  be  converted  into  mercuric  chloride  ? Give 

equations. 

4.  How  much  calomel  can  be  manufactured  from  20  lb.  of  metallic  mercury ; 

and  how  much  S02Ho2  and  NaCl  by  weight  will  be  required  ? 

5.  Explain  the  action  of  metallic  mercury  upon  mercurous  nitrate. 

6.  What  is  the  action  of  boiling  nitric  acid  upon  mercurous  sulphide  ? 

7.  In  what  manner  can  mercuric  and  mercurous  chlorides  be  distinguished  from 

each  other  by  the  reactions  in  the  dry  way  ? 

8.  State  under  what  conditions  mercurous  salts  play  the  part  of  oxidizing,  or 

that  of  reducing  agents. 

A method  of  separating  the  metals  of  Group  I will  readily  sug- 
gest itself,  and  a tabular  analytical  scheme  may  he  drawn  up  without 
much  difficulty,  if  we  bear  in  mind  : — 

1st.  The  solubility  of  Pb012  in  boiling  water. 

2nd.  The  solubility  of  AgCl  in  AmHo. 

3rd.  The  conversion  of  the  Hg2Cl2  into  black  NH2'Hg2'Cl  by  the 
action  of  AmHo. 

Table  I in  the  Analytical  Tables  at  the  end  of  the  book  embodies 
this  method  of  separation. 

PRACTICAL  EXERCISES  AND  QUESTIONS  ON  GROUP  I. 

1.  Test  a sample  of  galena  for  silver  in  the  dry  way. 

2.  Analyse  a sample  of  ruby  silver  in  the  dry  and  in  the  wet  way. 

3.  You  have  given  to  you  some  precipitated  argentic  chloride,  dilute  HC1,  and 

a strip  of  metallic  zinc.  How  would  you  prepare  pure  metallic  silver  ? 

4.  Analyse  a solution,  containing  '010  grm.  of  Ag,  as  N02Ago,  TOO  grm.  of  Hg, 

as  N204Hg2o"  and  '010  grm.  of  Pb,  as  N204Pbo". 

5.  Describe  what  takes  place  when  a solution  of  argentic  nitrate,  containing 

about  -010  grm.  of  Ag,  is  added  to  a hot  saturated  solution  of  KC1. 

6.  You  have  given  to  you  a mixture  of  red  lead  and  calomel.  What  takes  place 

when  the  mixture  is  treated  with  HC1  ? 

7.  Analyse  a mixture  (about  '050  grm.)  of  while  arsenic  and  corrosive  sublimate , 

both  in  the  dry  and  wet  way. 

8.  Test  a commercial  sample  of  baric  chloride  for  lead. 

9.  Test  a sample  of  white  lead  paint  for  impurities,  insoluble  in  dilute  nitric 

acid,  and  examine  the  acid  filtrate  by  the  respective  group-reagents. 

10.  Prepare  some  pure  N02Ago  from  an  alloy  of  copper  and  silver. 
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Chapter  VII. 

REACTIONS  OF  THE  ACIDS. 

A.  Inorganic  Acids. 

CARBONIC  ANHYDRIDE,  CO,— Occurs  in  tbe  atmosphere 
CAKB  t the  combined  state  it  forms  a constituent 

the  different  metals  occm . 

reactions  in  the  dry  way. 

are  decomposed  more  or  less  readily  into  0XBar.^and  gtron4c  carbon- 
anhydride  (and  oxygen)  being  g • decomposition;  calcic 

ates  require  the  strongest  white  heat  X“s  are  readily  de- 

carbonate  requires  a strong  evolved  oarWe  aS^Side  is  a odour- 
composed  on  heating.  1 . and  can  pe  poured 

tr"  et 

totaU°o^ng”  o Combination  of  the’earbonie  anhydride  with  the 
caustic  alkaline  earthy  bases. 

reactions  in  the  wet  way. 

All  normal  carbonates  may  be  divided  into—  , 

l8t*  ^sUssing  an  alkaline 

2nd.  CM SS-  «»  *-*»  •££ '£  ^hlodnrf 

s^°r  e:f&a,  s,  <*  Mg, 

Pc",  Mil',  but  are  reprecipitated  on  boiling. 

All  carbonates  are  decom|Os^d  by  dilute  acids^  osi_ 

mineral  (with  the  evltion  of  CO,  (A 

tion  is  marked  by  strong  qvathose  iron  ore,  and  dolomite, 

few  native  carbonates,  sucb  as  t]ie  ’volved  gas  into 

require  tbe  application  of  tea  .) Up  anpydride  becomes 

a solution  of  caustic  lim  f t{  ’ 0f  a white  precipitate  (soluble  m 

carbonates)  condoms  the 

r^5*£tK3  Csirtrs:  w 
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COo  in  the  presence  of  S02  or  SH2,  the  gaseous  mixture  is  first  passed  into  a 
solution  of  an  alkaline  chromate  mixed  with  an  acid,  or  into  bromine  water,  or  a 
solution  of  a cupric  or  ferric  salt,  and  then  through  lime-  or  barvta-water. 


QUESTIONS  AND  EXERCISES. 

1.  How  would  you  prove  experimentally  the  presence  of  carbonic  anhydride, 

1st,  in  spring  water ; 2nd,  in  atmospheric  air ; 3rd,  in  white  lead  ; 4th,  in 

coal  gas  ? . 

2.  Classify  all  metallic  carbonates  according  to  their  respective  deportment,  1st, 

on  ignition  ; 2nd,  on  treatment  with  water  ; 3rd,  in  contact  with  excess 
of  C02.  Give  examples. 

3.  What  change  takes  place  when  tartaric  acid  and  hydric  potassic  carbonate 

are  mixed  together  ? 

4.  Which  is  the  most  characteristic  reaction  for  C02  ? 

5.  How  would  you  recognize  the  presence  of  C02  in  a gaseous  mixture,  contain- 

ing S02  and  C02,  or  SH2  and  C02? 

6.  How  much  COo,  by  weight  and  by  volume,  can  be  obtained  from  1'235  grm. 

of  COCao"  ?“ 

7.  What  change  takes  place,  1st,  when  a current  of  C02  is  passed  through  cold 

water  in  which  finely  divided  chalk  is  suspended  ; and  2nd,  when  the 
liquid  is  heated  to  boiling,  subsequent  to  the  passing  of  the  gas  ? 

8.  Explain  the  occurrence  of  C02  in  mineral  waters  and  in  atmospheric  air. 

9.  Explain  the  effect  of  boiling  upon  most  spring  waters. 

10.  What  is  the  usual  composition  of  boiler  deposits,  and  how  would  you  propose 
to  prevent  them  ? (Comp.  p.  17.) 


SULPHURIC  ACID,  S02Ho2. — This  is  one  of  the  most 
powerful  acids,  for  it  is  capable  of  displacing,  in  the  wet  way  (with 
few  exceptions),  all  other  acids  from  saline  compounds.  It  forms 
with  bases  a series  of  very  important  salts, — the  sulphates,  most  of 
which  have  already  been  enumerated  in  treating  of  the  natural  com- 
pounds of  the  various  metals. 

REACTIONS  IN  THE  DRY  WAY. 

On  heating  a sulphate  on  charcoal,  in  the  reducing  flame, 
together  with  CONao2  (free  from  sulphate),  sodic  sulphide  is 
formed  thus : — 

S02Mgo"  + 2C  + CONao2  = SFa*  + MgO  + 3C02. 

The  fused  mass  gives  off1  SH2,  when  treated  with  a strong- 
acid  (HC1),  readily  recognized  by  its  odour.  When  placed  on  a 
bright  silver  coin  and  moistened  with  a drop  of  water,  it  produces  a 
black  stain  of  argentic  sulphide.  This  reaction  applies,  however,  to 
all  sulphur  acids,  without  exception,  and  it  is  impossible  to  prove 
thereby  the  presence  of  S02Ho2  any  more  than  that  of  some  other 
(lower)  oxide  of  sulphur. 

Heated  by  themselves,  the  sulphates  of  the  fixed  alkalies  and 
alkaline  earthy  metals,  as  well  as  of  lead,  are  not  decomposed.  All 
other  sulphates  become  decomposed  more  or  loss  speedily  on  ignition, 
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giving  off  sulphuric  or  sulphurous  anhydride  and  oxygen,  according 
to  the  nature  of  .the  metal,  e.g.  : 

2SOaFeo"  = Fe,03  + S03  + S02. 

S02CW'  = CuO  + S02  + o. 


REACTIONS  TN  THE  WET  WAY. 

A SOLUTION  OF  POTASSIC  sulphate,  S02Ko2,  may  be  employed. 
Sulphuric  acid  forms  normal  and  acid  sulphates,  which  are 
mostly  soluble  in  water,  the  exceptions  being  banc,  strontic  calcic 
and  plumbic  sulphates.  (A  few  basic  sulphates  are  insoluble 

Wftl Bkcn* OT1’ NlaBa“'dgiv6B  a white  finely  divided  precipitate  of 
,...  ® ; SO-Bm".  imolublo  in  dilute  acids.  Care  mast  be 

taken  not  to  have  too  much  free  hydrochloric  or  rntrio  acid  presen 
lest  any  of  the  baric  salts  be  precipitated  : bane  chloride  and  nitrate 

much  less  soluble  in  strong  aoids  thao  m water,  it  a ve  y 

dilute  solution  of  a sulphate  has  to  be  t °e 

should  be  heated  to  boiling,  and  allowed  to  stand  lo.  some 

after  the  addition  of  the  baric  salt. 

This  reaction  6i.tingui.ho.  f »>= Ho/Shl^oZ  tarKX 
fluosilicic  acid,  2IIP,SiP.i,  and  selemo  acid,  Se02Ho2,  wmon 

insoluble  in  acids.  , • 1(i  load  produce  white,  precipitates  of 

of  Water,  and  SO;l>bo-  in  22,000  part,  of 

““tnofharie  eah.  an.wor  o.ory 

reactions  in  ordor  to  detect  ;ulphme,eid;  Therfdri.ouo^  ^ lul. 

sS  •sr.aras-i  1)0  *****  "om  ** 

the  f Bulpliuric  acid.  a.  no  other 

An  *-*»  re°a^ 

with  a JP^ntoted  ^ carbonates  (fusion  mixture)  into 

alluWe  afJ“ne"uiphate,  and  an  insolnble  oarbonato  or  onde  of 
the  metal,  thus  : ,, 

SO.Bao"  + CONaoKo  = SO,N«oKo  + COBao  . 

SOoPbo"  + CONaoKo  = S02NaoKo  + PbO  + COa. 

The  fused  mass  is  soluble  alkaline 

carbonate  or  ox!de  separated^by  i^h  ^ ugual  for  biisc,  and  the  solu- 

sulphate.  The  resic  u mdulatine;  with  dilute  hydrochloric  acid 

tion  for  sulphuric  aci  , J 0f  alkaline  carbonates),  and  adding 

(in  order  to  destroy  the  excess 
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baric  chloride.  Calcic  sulphate  dissolves  in  ammonic  sulphate  and 
a little  AmHo ; plumbic  sulphate  in  ammonic  acetate  or  tartrate,  or 
in  sodic  hyposulphite. 

QUESTIONS  AND  EXERCISES. 

1.  Classify  all  metallic  sulphates  according  to  their  solubility  in  water. 

2.  How  are  metallic  sulphates  detected  in  the  dry  way  ? 

3.  Explain  the  action  of  heat  upon  the  different  metallic  sulphates. 

4.  How  is  free  sulphuric  acid  detected  ? 

5.  Describe  shortly  in  what  manner  S(),Bao",  S02Sro",  S02Cao",  and 

S02Pbo"  differ  from  each  other  with  regard  to  their  solubility  in  water, 
and  their  respective  deportment  with  various  other  solvents. 

6.  How  are  insoluble  sulphates  examined  qualitatively  ? 

7.  1'648  grm.  of  a sample  of  soda-ash  yielded  ’234  grm.  of  S02Bao" ; what  is 

the  percentage  of  sodic  sulphate  in  the  ash  P 


SULPHUROUS  ACID,  SOHo2. — Obtained  as  gaseous  an- 
hydride, SO,,  whenever  sulphur  is  burnt  in  air  or  oxygen,  or  when 
metallic  sulphides  (pyrites , blende , galena,  etc.),  are  roasted  with 
free  access  of  air ; also  by  the  partial  deoxidation  of  sulphuric  acid 
by  means  of  metals,  such  as  Cu,  Hg-,  Ag,  of  charcoal  and  various 
organic  bodies,  of  sulphur,  etc.  The  gas  is  readily  soluble  in  water, 
forming  sulphurous  acid,  which  combines  with  bases,  and  forms  a 
seiies  of  salts,  normal  or  acid,  termed  sulphites  : compounds  stronody 
characterized  by  the  tendency  which  they  exhibit  to  absorb  oxygen 
and  to  become  converted  into  sulphates.  This  property  causes 
sulphuious  acid,  or  metallic  sulphites,  to  be  of  considerable  inte- 
rest. 

REACTIONS  IN  THE  DRY  WAY. 

Sulphurous  anhydride  is  recognized  by  its  characteristic  odour, 
the  odour  of  burning  sulphur.  It  combines  readily  with  metallic 
peroxides,  such  as  Mn02,  Pb02,  with  formation  of  manganous  and 
plumbic  sulphates.  In  order,  therefore,  to  remove  S03  from  a 
gaseous  mixture,  the. latter  is  usually  passed  over  Pb02. 

Many  solid  sulphites  are  decomposed  by  heat  into  sulphates  and 
sulphides,  thus  : — 1 

4SONao,  = 3S02Nao2  + SNA,. 

Wk  up’  on  heatin«' in*°  oziclea  amJ  ml- 


REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  op  SODIC  sulphite,  SONao,,  may  be  employed. 

bulpmtes  are  examined  by  liberating  sulphurous  anhydride  bv 

recoin, °7^1Ln?t  SulPhuric  or  hydrochloric  acid,  the  gas  being  readily 
recognized  by  ,ts  characteristic  pungent  odour.  “ 7 

°nl?  Ophites  soluble  in  water  are  the  alkaline  sulphites. 

In  f Tl  8 10  r 'C’  ca'G’c>  an<l  magriesic  sulphites  are  insoluble 
in  water,  but  are  dissolved  to  a great  extent,  by  a solution of su 
phurona  ac.d,  with  formation  „fb  aoia  Snlphites.  from  which  the 
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normal  salts  are  reprecipitated  on  boiling.  They  are  also  soluble  in 
dilute  hydrochloric  acid  (with  partial  decomposition)  ; but  on  the 
n rid i firm  of  an  oxidizing  agent,  such  as  chlorine  water,  free  iodine, 
sodic  hypochlorite,  nitric  acid,  etc.,  they  are  immediately  precipitated 

“ 

of  baric  sulphate  is,  therefore,  frequently  obtained  on  adding  banc 
chloride  to  an  acidulated  solution  of  a soluble,  or  to  a dilute  hydro- 
pliloric  acid  solution  of  an  insoluble  sulphite.  . , , n 

On  filtering  ofi  the  precipitate,  and  adding  chlorine  water  to  t e 
filtrate,  a further  precipitate  is  obtained,  showing  the  presence  of  a 

sulphite.  distinguished  with  difficulty  by  tbs  odour  alone, 

and  ifu  pmforX!a"efo.-o,  to  make  L of  the  deoiddmng, » w.E  a.  ooidmng 

N02Ago  gives  with  i lul  nlknlino  sulphite.  The  precipitate  blackens  on 

heating?  owin'gtolhe  separation  of  metallic  silver,  and  conversion  of  the  S01Io2 
into  sd  .Uoo,  according  to  the  equation  : 

SOAgOo  + OH2  = Ag2  + S02Ho2. 

O.Itao"  Produce,  a m precipitate  of  meta.Uc  mercury,  tbu,  i- 

SOHg2o"  + OII2  = Hg-2  + S02Ho2. 

2.  Under  favourable  circums  1 ot],el.  m0re  powerful  reducing  agents, 

especially  when  brought  in  ° ofcc>  Thus,  by  introducing  the  least  trace 

such  as  nascent  hydrogen,  SI  2,  S j-U  h b dl*gcn  is  generated  from  zme 

of  SOlfoj,  or  a.sulp^to,  mtoaflask  ovol/ed>  together  with  the  hydrogen, 

“2  V Coiour  and  Jtion  upon  lead  paper.  The  change  .. 

expressed  as  follows : + 3jj2  _ sH2  + 20II2. 

or.  , aH  „iv0  ri80  to  the  formation  of  pentathionic  acid,  with  precipi- 
button  iW,  according  * the  equation 

r s02IIo 

5S02  + 5SH2=||302Ho+B5  + 40H, 

Pentathionic 

acid. 

Sulphurous  acid  added  to 

acid  gradually  precip>t*t«  the  chlorine  by  the  simu  • 

acid  acts  as  the  reducing  agent,  ana  is  to  combine  with  chlorine, 

taneous  action  of  the  SnOl,  e hydrogen,  to  form  water,  and  ulti- 

the  other  capable  of  yielding  oxy^  acts  upon  the  stannic  chloride, 

Solely  .Ulpbm^o  form  wbt*  “,„ic  ,nlphide,  SnS,  (or  brown  SnS). 

SnCl.i,  (or  SnC1^,fo0nfe1“eys8  the  changes:- 

The  following  «l““0”*  “^”  _ 3Sn0|)  + SH)  + ooH,. 

?°“°>  t Sh?’  - SnS,  + fflOl. 

SnCl4  + 2SLL2  YeUow 

stannic  sulphide, 


(1) 

(2) 
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QUESTIONS  AND  EXERCISES. 

1.  Describe  different  methods  of  preparing  sulphurous  anhydride. 

2.  How  would  you  prepare  normal  and  acid  potassic  sulphite  ? 

3.  What  is  the  action  of  heat  upon  sulphites  ? 

4.  Which  sulphites  are  soluble  and  which  are  insoluble  in  water  ? 

5.  Give  illustrations  of  the  reducing  action  of  sulphurous  acid  or  of  soluble 

sulphites.  _ . 

6.  Explain  under  what  circumstances  sulphurous  acid  can  act  as  an  oxidizing 

agent ; give  instances  of  such  action. 

7.  How  would  you  distinguish  sulphurous  in  the  presence  of  sulphuric  acid  ? 

8.  What  changes  take  place  when  a mixture  of  dipotassic  dichromate  and  sodic 

sulphite  is  treated  with  concentrated  HC1  ? Give  equations. 

9.  How  would  you  fix  the  sulphurous  acid  produced  by  the  combustion  of  car- 

bonic disulphide  contained  in  coal  gas  ? 


HYPOSULPHUROUS  ACID,  SSOHo2  ( sulpho- sulphuric 
acid). — This  acid  has  never  been  obtained  in  the  free  state.  Com- 
bined with  soda  it  forms  an  important  salt,  viz.,  sodic  hyposulphite 
(the  hypo  of  the  photographer),  obtained  by  boiling  a solution  of 
sodic  sulphite  with  sulphur,  or  by  the  oxidation  of  an  alkaline  per- 
sulphide in  contact  with  the  air. 

REACTIONS  IN  THE  DRY  WAY. 

All  hyposulphites  are  decomposed  on  ignition.  Alkaline  hypo- 
sulphites leave  a polysulphide  and  a sulphate,  thus : — 

4(SSONao2)  = S5Na2  + SSOJSTao,. 

Others  yield  sulphites  or  sulphates,  with  evolution  of  sulphurous 
anhydride,  owing  to  the  oxidation  of  a portion  of  the  sulphur. 

REACTIONS  IN  THE  WET  WAY. 

A solution  of  sodic  hyposulphite,  SSONao2,  is  employed. 

Most  hyposulphites  are  soluble  in  water  (baric  hyposulphite  is 
difficultly  soluble  in  cold  water),  and  their  solutions  may,  with  few 
exceptions,  be  boiled  without  decomposition.  Calcic  hyposulphite 
is  gradually  decomposed  on  boiling,  the  precipitate  consisting  of 
calcic  sulphate  and  sulphur.  The  same  decomposition  takes  place 
more  speedily  when  hyposulphites  are  treated  with  sulphuric  or 
hydrochloric  acid.  Sulphurous  anhydride  is  evolved  with  separa- 
tion of  sulphur.  The  precipitated  sulphur  is  yellow,  and  not  white, 
as  is  usually  the  case,  when  sulphur  separates  in  chemical  reactions. 
This  change  characterises  hyposulphites. 

The  same  instability  of  the  sulphur  atom,  occupying  the  place 
of  an  atom  of  oxygen  in  sulphuric  acid,*  is  observed,  when  hyposul- 
phites come  in  contact  with  salts,  whoso  metals  form  with  sulphur 
insoluble  sulphides. 

* Recent  investigations  (Deut.  Chem.  Gos.  Ber.,  vii,  p.  646)  render  it  pro- 
bable that  the  composition  of  hyposulphites  is  not  SSORo2,  but  S02Rs,Ro  (R  = 
monad  metal). 
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N02Ago  gives  a white  precipitate  of  argentic  hyposulphite, 
SSOAgo2,  soluble  in  soclic  bypo sulphite,  which  speedily  turns 
yellow,  then  brown,  and  lastly  black  (SAg2),  especially  on  the 
application  of  heat,  thus: — SSOAgo2  + OH2  = SAg2  + S02Ho2. 

Mercurous  nitrate  and  plumbic  acetate  give  similar  precipitates, 
which  are  decomposed  by  heat  into  Hg2S  or  PbS,  and  sulphuric 
acid. 

SnCl2  gives  a Irown  precipitate  of  SnS. 

Hyposulphites,  like  sulphites,  are  readily  oxidized,  but  yield  under 
certain  conditions  oxygen  to  more  powerful  reducing  agents,  and 
become  thus  oxidizing  agents. 

Free  chlorine,  sodic  hypochlorite,  ferric  chlorido,  etc.,  oxidize  hyposulphites 
completely  to  sulphates,  even  in  the  cold,  thus 

SSONao*  + 4CL>  + 50ll2  = 2S02HoNao  + 8HC1. 

SSONaoj  +-  4ClNao  + OH2  = 2S02HoNao  + 4NaCl. 

SSONao..  gives  with  Fe2Cl0  at  first  a reddish-violet  coloration  (mtferenck. 
BETWEEN  suirniTES  AND  uvrosuLPUiTEs),  hut  on  standing,  the  solution  is 
slowly  docolorizod  (more  rapidly  on  heating),  with  formation  of  FeCl2,  thus  : 

SSONao,  + 4Fe2ClG  + 50H2  = 2S02HoNao  + 8Fe.Cl2  + 8H01. 

Nascent  hydrogen  reduces  hyposulphites  to  sulphides,  which  evolve  with  the 
acid  sulphuretted  hydrogen : — 

SSONao,  + 4IIo  + 2IIC1  = 2SHa  + 30H2  + 2NaCl. 

hydrochloric  .old  which  in  formed  ill  the  reaction  is  neutralized  by  pissi  g 

verts  tho  silver  into  AgCl,  insoluble  in  water. 

Besides  the  three  oxygen  acids  of  sulphur  just  desra^bed,  t ere 

are  others,  such  as  dithionic,  { |%ho’  trithiomc,  <j  S , 


|°2H°  and  pentathionic  acids,  S,'*  ' , which  occur  but 


f S02Ho 


[SO,Ho 


thionic, 


t S02Ho 


rnrelv  and  resehble  one  another  considerably  in  their  reactions 
T^Mir  consideration  mnst  be  reserved  for  a more  extensive  course  of 

study. 

QUESTIONS  AND  EXERCISES. 

sulpliites  ? 0 

3.  How  are  hyposulphites  affected  by  ignition  i 
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Ill 


4.  What  change  takes  place,  when  a solution  of  calcic  hyposulphite  is  boiled, 

1st,  by  itself,  2nd,  when  it  is  treated  with  HC1  ? 

5.  Explain  the  action  of  sodic  hyposulphite  upon  plumbic,  argentic,  mercurous 

aud  stannous  salts. 

6.  Give  instances,  1st,  of  the  reducing  action,  and  2nd,  of  the  oxidizing  action 

of  hyposulphites. 

7.  Explain  the  term  antichlor. 

8.  State  what  application  sodic  hyposulphite  has  found  in  photography  and  in 

metallurgy. 

9.  Give  graphic  formula;  for  sulphosulphuric,  dithionic,  trithionic,  tetrathionic 

and  pentathionic  acids. 

10.  How  would  you  separate  baric  hyposulphite  from  baric  sulphate  ? 


HYDROSULPHURIC  ACID,  SH3.  -Obtained  as  a colour- 
less gas  by  the  decomposition  of  certain  metallic  sulphides,  such  as 
FeS,  ZnS,  Sb2S3,  by  means  of  sulphuric  or  hydrochloric  acid.  It 
is  characterized  by  a most  foetid  odour,  resembling  that  of  rotten 
eggs.  It  is  absorbed  by  cold  water,  forming  sulphuretted  hydrogen 
water  or  hydrosulphuric  acid,  which  reddens  blue  litmus-paper 
feebly.  Hydrosulphuric  acid  exchanges  its  sulphur  for  the  oxygen 
of  most  metallic  oxides,  both  in  the  dry  and  wet  way,  forming  water 
and  metallic  sulphides.  It  is  on  this  account  a most  valuable  re- 
agent. Many  of  the  native  sulphides,  e.g.,  iron  pyrites,  galena, 
cinnabar,  zinc  blende,  are  met  with  in  vast  masses. 

REACTIONS  IN  THE  DRY  WAY. 

Metallic  sulphides  are  acted  upon  in  various  ways,  when  sub- 
mitted to  heat.  Some  are  decomposed,  when  heated  in  a close  vessel 
into  metal  and  sulphur,  e.g.,  Au2S3 ; some  sulphides,  such  as 
PtS2,  FeS2,  Sb2S5,  SnS2,  PbS  yield  up  a portion  of  their 
sulphur  and  are  reduced  to  PtS,  Fe3S4,  Sb2S3,  SnS,  Pb3S ; 
others  sublime  without  decomposition,  such  as  As2S3  ( orpiment ), 
HgS  (citmabar).  The  greater  number  of  metallic  sulphides  remain’ 
however,  undecomposed,  when  heated  out  of  contact  with  atmo- 
spheric air. 

Most  sulphides  undergo  a change,  when  roasted  in  a tube  open 
at  both  ends.  SAg2  leaves  metallic  silver  (usually  also  a little 
S02Ago2),  the  sulphur  by  combining  with  oxygen,  passes  off  as 
S02;  some  sulphides  leave  a metallic  oxide,  e.g.,  SnS,  Sb2S3, 
Bi2S3 ; others  again,  such  as  the  sulphides  of  the  alkalies  and 
alkaline  earthy  metals,  are  converted  into  sulphates.  Plumbic 
sulphide  ( galena ) is  converted  into  a mixture  of  oxide  and  sulphate ; 
cupric  sulphide,  when  roasted  at  a high  temperature,  yields  S02 
and  CuO  ; at  a lower  temperature  S02Cuo".  FeS  and  other  sul- 
P*ides  of  the  iron  group  are  partially  converted  into  sulphates, 
which  on  the  application  of  a stronger  heat,  lose  their  acid,  leaving 
metallic  oxides.  Many  native  metallic  sulphides  are  distinguished 
for  their  metallic  lustre,  such  as  iron  and  copper  pyrites,  galena  grey 
antimony.  The  presence  of  a metallic  sulphide  cannot,  however  be 
inferred  conclusively  from  the  evolution  of  S02,  since  earthy  sul- 
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pliites  are  broken  up,  on  ignition,  into  oxides  and  sulphurous 
anhydride. 

REACTIONS  IN  THE  WET  WAT. 

Alkaline  and  alkaline  earthy  s Aphides 
and  MgS  are  only  sparingly  soluble)  Dilute  W ° °™  ot her 

decomposes  them  readily  into  metallic  chi*  and .BE*  All  otto 
sulvhides  are  insoluble  in  water.  Several  of  the  tatter,  such  as  JP  , 
K>S  are  decompose!  by  dilute  hydrochloric  acid  wift  evolu- 

ti„u  of  sulphuretted  l^drogen- 

Ki;&Mch  are  i.isoluNe  or  difflcult^oluhle. 

SomlX— 

int°  ^forSeZ^it0  concerted  Into  ’sufph'lric 

longed  digestion,  is  ' Au.,S,.  (As2S3)  dissolve  in  aqua 

sulphur  and  formation  ol ! SOJ1 Or,  and  ° ted  ^ instead 

dissolving:  PbS,  Sn.S2,  oD2o3j  •w-b2°»>  1 . . ,,  . , an  Pho 

oHrydrochloric  acid,  they  arc  converted  pnne. pally  into  SOd  bo  , 

SnO„  SbjOi,  A*h<  h aqueous  solution)  or  a soluble  sulphide  (a 

evolved  sulphuiettcd  hyc  g S plumbic  salt.  (Iron  pyrites , 

" “ 

sulphur  on  troataont  iv  l t ,l£  ‘decomposition  such  as 

s“0grl0,rb0'‘Z  well  as  the  reactions  which  they  give,  when 
examined  in  the  dry  way.  are  expeditiously  examined  by 

Many  native  sulphides,  such  a hard  ’las9  tube,  in  a current  of  dry 

heating  the  finely-p^dered  mineral  m ^ _d_g  and  thc  sulphur  into 

chlorine  gas,  when  the  meteb ^re  co  d ou  beiug  passed  mto  water. 

itZZZorSZLrtlSfof  soluble  sulphides.  The  colour 

appears  only  after  s°me  time.  aiJcaline  sulphide,  hyposulphite  sulphite,  or 

A mixture  containing  a cOCdo"  to  the  aqueous  solution.  Filter, 

sulphate  may  be  exanuned . J ipitate  by  means  of  dilute  acetic  acid; 

dissolve  the  excess  of  CO  Lao  iiresenoe  of  an  alkaline  sulphide.  Add  to 

a residue  of  yellow  CdS  ^^fi^P^X  consisting  of  SO.Bao"  and  SOBaoA 
the  filtrate  BaCL  ; a preeipi  dilute  hydrochloric  acid,  and  filter- 

Filter  off ; digest  the  precipitate  wit  8Julphate.  Add  chlorine  water  to 

white  residue  shows  the  prese  , idicates  the  prosonco  of  an  alkaline  sul 

the  filtrate  ; a precipitate  ol  SUmao 
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phifce.  The  filtrate  from  the  BaCl2  precipitate  is  searched  for  SSOHo2  by  the 
addition  of  HC1  and  boiling.  A precipitate  of  yellow  sulphur  and  the  odour  of 
SCR  indicate  the  presence  of  a hyposulphite. 

To  remove  SIR  from  a gaseouB  mixture  of  C02  and  SIR,  add  a solution  of 
cupric  chloride  and  shake  up  with  the  gases. 


QUESTIONS  AND  EXERCISES. 

1.  Explain  the  changes  which  take  place  when  hydrosulphuric  acid  is  passed 

through  saline  solutions,  the  metals  of  which  form  insoluble  sulphides. 
Give  instances. 

2.  Explain  the  action  of  heat  upon  the  different  metallic  sulphides. 

3.  Which  sulphides  are  soluble  and  which  are  insoluble  in  water  P 

4.  Explain  how  certain  sulphides  are  affected  by  dilute  hydrochloric  acid,  and 

how  by  concentrated  hydrochloric  acid.  Give  characteristic  instances, 
and  express  the  changes  by  equations. 

5.  Describe  the  most  delicate  reaction  for  gaseous  SIR. 

6.  What  is  the  action  of  nitric  acid  upon  ZnS,  PbS,  CuS,  SnS,  Sb2S3  ? 

7.  How  would  you  prove  the  presence  of  an  alkaline  sulphide,  hyposulphite, 

sulphite,  and  sulphate  in  an  aqueous  solution  ? 

8.  State  how  you  would  separate  SH2  and  C02  contained  in  a gaseous  mixture. 

9.  How  can  you  prove  the  presence  of  SH2  in  coal  gas  ? 

10.  10  litres  of  unpurified  coal  gas  yielded  '235  grin,  of  CdS.  What  is  the 

percentage  of  SH2  in  the  gas  ? 

11.  '650  grm.  of  galena  gave  ‘532  grm.  of  S02Pbo".  What  is  the  percentage  of 

Pb  and  of  S in  the  g .Jena  P 

12.  What  change  takes  place  when  PtS2,  Sb2S5,  FeS2,  As2S3,  and  Hg-S  are 

heated  with  exclusion  of  air  ? 

13.  How  would  you  test  for  SH2  in  sewer  gases  ? 

14.  How  would  you  detect  sulphur  in  pig  iron  ? 

15.  Explain  the  action  of  chlorine,  bromine,  and  iodine  uponSH2? 

16.  How  is  sulphur  detected  in  organic  compounds,  such  as  coal  ? 


NITRIC  ACID,  N02Ho. — Obtained  as  a colourless,  highly 
corrosive,  volatile  liquid,  of  a deep  yellow  colour  when  it  is  mixed 
with  nitrous  acid.  It  is  characterised  by  the  facility  with  which 
it  parts  with  its  oxygen,  and  it  is  this  property  of  which  we  avail 
ourselves  invariably,  when  nitric  acid  or  a nitrate  has  to  be  detected. 

REACTIONS  IN  THE  DRY  WAY. 

Most  nitrates  fuse  readily  when  heated.  All  are  decomposed 
when  exposed  by  themselves  to  a high  temperature.  The  decomposi- 
tion varies  with  the  nature  of  the  base  ; a lower  oxide  of  nitrogen 
and  oxygen  being  generally  given  off.  Thus  ammonic  nitrate, 
NCRAmo,  breaks  up  into  ONT2  and  OH2 ; potassic  or  sodic  nitrate 
into  nitrite  (always  contaminated,  however,  with  nitrate  and  caustic 
alkali)  with  liberation  of  oxygen,  and  ultimately  into  oxide — nitro- 
gen and  oxygen  being  given  off ; others,  such  as  plumbic  nitrate, 
into  0 and  N204,  leaving  the  oxide  of  the  metal.  When  heated 
together  with  bodies  eager  to  take  up  oxygen,  such  as  carbon  (char- 
coal, alkaline  cyanides,  etc.),  sulphur  or  phosphorus,  the  decompo- 
sition becomes  explosively  violent,  and  nitrogen  gas  only  is  left  as 
the  remnant  of  the  molecule  N205.  (Chlorates  explode  in  like 
manner,  but  leave  metallic  chlorides.) 
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REACTIONS  IN  THE  WET  WAT. 

Wit'll  the  exception  of  a few  basic  salts,  nitrates  are  readily 
soluble  in water  ; lienee  nitric  acid  cannot  be  tested  m tbe  usual 
wav  by  producing  precipitates  by  way  of  double  decompositio  . 
When  acted  upon  by  various  reducing  agents,  tbe  c eoxu  a ion 
the  add  may  be  partial  (accompanied  by  the  evolution  of  lowe 
oxides  of  nitrogen)!  or  complete  (nitrogen  only  being  left)  , m wine 
S? the  ntS  nitrogen  fs  capable  of  combining  wrth  hydrogen  m 

« r«  to  tow  orMes  of 

mt’  A roumos  of  hitiuc  acid  on  of  fotassio  hxtfatb,  NO.Ko,  may 
be  conidoycd.  ^ - decomposed  when  heated  with  concen- 

Ind  permn^ls  evoWhlorine  when  treated  w th  h d chlorl0 

-fe  - 

volume  of  concentrated  sulphuric  (fme  from  m ric  ^ J 
iU'°'V  contact  of  the 

iwo  layers,  of  a violet,  red,  or  by 

r^^^^SSo^roogesof 

SSal  reac^ioiisfor  nitric  acid.  The  change 
may  be  expressed  thus  : 


lOSChlW 


+ 3S02Ho2  + 2N02Ho  = 3S306lfe2ov‘ 
+ 4S02H'eo,,,N202  + 40H2. 


A solution  of  a dtrate  when  added  to . a solu 10  g tQ  Uow.  (Free 

Ukewise).  . r 

chlorine  and  other  oxi<  g b is  dissolved  by  nitric  acid 

by^potassic  nitrate  on  the  addi- 

““  * ‘ 

“XtT^r:^  found  in  mineral  waters,  in^ 

,.  „ » rnildrn  CChcin.  Soc.  Jourli.,  July,  1074, 

* From  the  recent  lnvestiga  ,ion  ^ gag  is  a mixture  of  nitrosyl  mono- 

p.  634)  it  appears  that  Gay  La  0f  chlorine, 

chloride,  NO  Cl,  with  varying  quantities  ot  clHonne. 
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water,  or  water  draining  from  arable  land,  may  be  detected  by  first 
reducing  the  nitrate  to  nitrite.  This  is  effected  by  heating  the  solu- 
tion for  some  time  with  a little  zinc  amalgam.  On  filtering  and 
adding  to  the  filtrate  a solution  of  ferrous  salt,  a dark  brown  colora- 
tion is  obtained;  or  by  adding  a drop  of  a solution  of  potassic  iodide, 
some  freshly  prepared  cold  starch  solution,  and  a little  acetic  (or  very 
dilute  sulphuric)  acid,  a fine  blue  precipitate  of  iodide  of  starch  is 
produced,  thus : — 

2NOKo  + 2KI  + 2S02Ho2  = N202  + 2S03Ko2  + I2  + 20H2. 
This  reaction  is  exceedingly  delicate. 

2nd.  Reactions  in  ivhich  nitric  acid  is  entirely  reduced,  and  its 
nitrogen  converted  into  ammonia. 

All  nitrates  when  fused  with  caustic  potassa,  lime,  or  soda-lime, 
and  some  non- nitrogenous  organic  substance,  such  as  sugar  or  starch, 
evolve  ammonia,  thus  : — 

6N02Ko  + I8KH0  + C12H220„  = 12COKo2  + 6NH3  + HOHa. 

Sugar. 

The  gas  may  be  readily  recognized  by  its  odour,  or  action  upon 
red  litmus  paper. 

Nascent  hydrogen,  produced  by  the  action  of  KHo  upon  metallic 
zinc,  iron,  or  aluminium,  gives  rise,  in  the  presence  of  a nitrate,  to 
the  formation  of  ammonia,  thus  : — 

(1)  Zn  + 2KHo  = ZnKo2  + H,. 

(2)  NO0K0  + 4Ha  = NHS  + KHo  + 20H2. 

When  stannous  chloride,  hydrochloric  acid,  and  a nitrate  are 
heated  together,  the  tendency  of  the  stannous  chloride  to  combine 
with  two  more  atoms  of  chlorine  to  form  stannic  chloride,  aided  by 
the  oxidizing  action  of  nitric  acid  upon  the  hydrogen,  breaks  up 
hydrochloric  acid,  with  formation  of  stannic  chloride  and  ammonia, 
thus : — 

4SnCl2  + N02Ko  + 10HC1  = 4SnCl4  + NH4C1  + KC1  + 30H2. 

To  detect  free  nitric  acid  in  the  presence  of  a nitrate,  evaporate  the  solution 
on  a water-bath  with  quill  cuttings  or  white  woollen  fabrics.  Nitric  acid  colours 
these  substances  yellow.  Or  digest  the  solution  at  a gentle  heat  with  COBao", 
filter  off  and  test  the  filtrate  for  barium  by  means  of  sulphuric  acid. 

QUESTIONS  AND  EXERCISES. 

1.  Explain  what  changes  take  place  when  nitrates  are  heated  by  themselves. 

2.  State  what  action  takes  place  when  ferrous,  cuprous,  and  mercurous  chlorides 

are  heated  with  nitric  acid. 

3.  Why  can  the  metals  Cu,  Pb,  Ag,  be  employed  for  the  detection  of  nitric  acid 

or  a nitrate  ? 

4.  Explain  what  changes  take  place  when  a solution  of  potassic  nitrite,  potassic 

iodide,  starch,  and  dilute  sulphuric  acid  are  mixed  together. 

5.  How  can  ammonia  be  obtained  from  a nitrate  ? Describe  several  processes. 

6.  How  would  you  test  for  nitrates  in  a soil,  in  sewage  water,  in  mineral 

TIT  n T A>1£1  J W 
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7.  How  much  ferrous  sulphate  (SOIIo,Fco"  + 6aq.)  is  required  for  the  complete 

decomposition  of  1 grm.  of  pure  potassic  nitrate  . * r 

8.  Calculate  how  much  nitre  is  required  to  deflagrate,  1st,  1 5 grj  . g , 

2nd,  -5  grm.  of  sulphur.  . , 0 

9.  How  is  free  nitric  acid  detected  in  the  presence  of  a nitrate  . 

NITROUS  ACID,  NOHo.— Both  the  acid  and  anhydride  are 
marked  by  their  proneness  to  undergo  decomposition  m the  presence 
of  water,  into  nitric  acid  and  nitric  oxide. 

REACTIONS  IN  THE  DRY  WAY. 

Nitrites  fuse  and  are  decomposed  on  ignition  into 
evolution  of  nitrogen  and  oxygen.  Ammomc  mtnte  (NOAmo) 
breaks  up  when  heated,  into  nitrogen  and  water.  Mixed  a tl 
carbon  potassic  cyanide,  sulphur,  and  other  oxidizable  bodies 
nitrites  deflagrate  like  nitrates,  with  which  they  have,  m fact,  mo 
of  the  dry  reactions  in  common. 

REACTIONS  IN  THE  WET  WAY. 

All  nitrites  are  soluble  in  water;  argentic  nitrite,  NO Ago^is 
difficultly  soluble,  and  serves  for  the  preparation  of  pu 
double  decomposition  with  neutral  soluble  chlorides.  ' 

iiberl  nZ  and  convert  a portion  of  the  mtnte  mto  mtrate, 

thus  : — 

BNOKo  + S02Ho2  = NA  + N02Ko  + S02Ko2  + OH2. 

The  reactions  by  which  the  presence  of  nitrons  acid  can  be 

lZc^Z\mZch  thlacid  a7,m  Sidling 

N,/M2oftH7wTcn  tZmXnUgo°es8onf  toSS 

tllU8  2NOKo  + 2SHj  = N202  + 20H2  + S2K2. 

In  acid  solutions  the  decomposition  is  accompanied  by  a copious  sepaiatio 

of  sulphur.  Wlrochloric  acid,  is  turned  dark  brown,  if 

FeClo,  on  tlio  addition  of  a y ~ i a portion  of  the 

-A  i.  -bea,  thus 

2FeCl3  + 4HC1  + 2NOKo  = Fe2Cl0  + 2KC1  + N202  + 20  H2. 

N0(NH40)  breaks  up  on  the basc^  are 

— c chloride  (or  80me  other 

ammonic  salt),  thus  : rOTToo 

COAmo2  + 2NOKo  = N4  + 40H2  + COKo2. 

, . . • flip  presence  of  a nitrite  and  a dilute  acid  blue 

KI  and  starch  solution  give  in  the  presence 

iodide  of  starch.  (See  un  er  , • reducing  agent,  and  is 

2nd.  Reactions  in  which  the  acid  acts  as  a j 

converted  into  nitric  acid,  thus  : 

2NOHo  + 02  = 2NO.J!o, 
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AuCl3  and  Hg-,C12  give  metallic  gold  and  grey  metallic  mercury. 

{ Mn0"(O  Koj  0X^^ZI'S  nitrites  into  nitrates  in  tlie  presence  of  a mineral 

acid  (S02Ho2,  HCl),  and  the  permanganate  solution  is  rapidly  decolorized. 

Cr._.05Koo  is  reduced  under  similar  conditions  to  a chromic  salt.  Nitrates 
are  not  affected  by  potassic  permanganate  or  alkaline  chromates. 

Pb02  converts  NO  Ho  into  NO.dio ; but  does  not  act  upon  dilute  N03Ho 
(distinction  between  nitbous  and  nitbic  acid). 

QUESTIONS  AND  EXERCISES. 

1.  Explain  the  changes  which  take  place  when  N204  is  acted  upon  by  KHo. 

2.  Explain  what  takes  place  when  nitrites  are  heated,  1st,  by  themselves  ; 2nd, 

in  contact  with  carbon  or  sulphur. 

3.  How  can  NOEo  be  separated  from  N02Ko? 

4.  What  is  the  action  of  dilute  sulphuric  acid  upon  NOKo  F 

5.  Give  instances,  1st,  of  the  oxidizing,  and  2nd,  of  the  reducing  action  of 

NOHo  ; and  express  the  changes  by  equations. 

6.  What  are  the  products  of  decomposition  of  strongly  ignited  N204Pbo", 

N0(NH40),  and  NOKo? 

7.  How  can  a trace  of  a nitrite  be  detected  in  the  presence  of  a nitrate  ? 

8.  Explain  the  action  of  concentrated  NO>H.o,  1st,  upon  starch,  2nd,  upon 

As203. 

NO 

9.  How  would  you  prepare  pure  jj-Q^ao"  ? 

10.  Explain  the  action  of  heat  upon  a solution  of  ^*C'ao"  and  AmCl. 


HYDROCHLORIC  ACID,  HCl.  — Gaseous  hydrochloric 
acid  is  readily  absorbed  by  water,  and  forms  then  one  of  the  most 
useful  acids.  Chlorides  are  among  the  most  important  chemical 
compounds.  They  differ  considerably  in  their  physical  properties. 

REACTIONS  IN  THE  DRT  WAT. 

Some  chlorides  are  liquid  and  can  be  distilled  without  decom- 
position, such  as  SnCl4l  SbCls ; SbCl3  is  a soft  grey  crystalline 
fusible  solid  which  distils  at  225°  C. ; others  are  solid,  fusible  and 
non-volatile  at  a moderate  heat,  such  as  AgCl,  PbCl2,  BaCl2,  NaCl. 
Upon  ignition  certain  chlorides,  such  as  AuCl3,  PtCl4,  are  decom- 
posed with  evolution  of  chlorine  gas,  first  into  AuCl,  and  PtCl2, 
which  are  almost  insoluble  in  water,  and  finally  into  An  and  Pt. 
Magnesic  chloride  is  decomposed  by  heat  in  the  presence  of  water 
into  MgO  and  2HC1.  Anhydrous  ferric  chloride,  when  heated  in 
contact  with  air,  is  decomposed  into  Pe203  and  3CI2. 

Heated  in  a bead  of  microcosmic  salt,  saturated  with  cupric 
oxide,  chlorides  impart  a blue  colour  to  the  outer  flame,  owing  to  the 
formation  of  volatile  CuCl2. 

When  a dry  chloride  is  mixed  with  dipotassic  dichromate  and 
concentrated  sulphuric  acid,  and  gently  heated  in  a small  retort,  a 
deep  l/rownish-red  gas,  called  ciiloroch  comic  acid,  Cr02Cl2,  comes  off, 
which  condenses  to  a like  coloured  liquid,  and  can  be  collected  in  a 
receiver.  I he  reaction  which  takes  place  is  expressed  by  the 

equation : — J 
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4NaCl  + Cr205Ko2  + 3S02Ho2  = 2Cr02Cl3  + 2S02Nao2 

Chlorochromic  acid. 

+ S02Ko2  + 30H2. 

This  liquid  is  speedily  decomposed,  on  dilution  with  water,  into 
chromic  and  hydrochloric  acids,  thus  : 

Cr02Cl2  + 20H2  = Cr02Ho2  + 2HC1 ; 

or  by  aqueous  ammonia  or  potassic  hydrate  into  the  corresponding 
salts  The  presence  of  chromic  acid,  and  indirectly  of  hydrochloric 
acid,  is  inferred  from  the  yellow  precipitate  which  a plumbic  salt 
produces  with  their  solutions.  This  reaction  is  employed  for  re- 
cognizing chlorides  in  the  presence  of  bromides.  The  latter  yield 
bromine  when  treated  similarly. 

REACTIONS  IN  THE  WET  WAT. 

A solution  of  sonic  chTjORIOE  is  employed. 

All  chlorides  may  be  divided  into  w ri 

1st.  Chlorides  insoluble  in  water „ such  as  AgCl  and  HgotiL 
which  arc  quite  insoluble;  PbCh,  which  is  difficultly  “otaWe  m 
cohl,  readily  solublo  in  boiling  water ; and  Cn-Ol,,  AuCl  and  PCs 

which  are  almost  insoluble  in  water.  _ . . ,,  ,r 

2nd.  Chlorides  which  are  soluble  m water , comprising  all  othe 

Chl  Tn1  order  to  ascertain  the  presence  of  a soluble  chloride,  or  of 
hydrochloric  acid,  we  have  merely  to  add  a soluble  argentic,  moi- 
curous  or  plumbic  salt,  when  a white  precipitate  is  produced.  The 
first  of  these  salts  answers  every  purpose,  and  is  therefore  mvanab  y 

evolved  according  to  the  equation . 

Mn02  + 2NaCl  + 2S02Ho2  = 01,  + S02Mno"  + S02Nao2 

+ 20H2. 

. . i-i„  yppocmized  bv  its  characteristic  odour  and 

h.e«bi^Me*  «» 

iodide  of  starch. 
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Concentrated  sulphuric  acid  liberates  gaseous  hydrochloric  acid 
from  chlorides,  thus  : — 

2NaCl  + S03Ho3  = SO.Nao,  + 2HC1. 

HgCl2,  Hg2Cl2,  AgCl,  PbCl2,  SnCl2,  and  SnCl4,  are  decom- 
posed, with  difficulty  only,  or  not  at  all,  by  concentrated  sulphuric 
acid. 

In  order  to  effect  the  decomposition  of  insoluble  chlorides,  such 
as  AgCl,  Hg2Cl2,  and  PbCl2,  they  are  mixed  with  fusion  mixture, 
perfectly  free  from  alkaline  chlorides  and  heated  in  a porcelain 
crucible.  The  chlorine  is  thereby  transferred  to  the  alkali  metals, 
and  may  be  readily  detected  by  means  of  argentic  nitrate  in  the 
aqueous  extract,  after  acidulating  with  dilute  nitric  acid. 

Traces  oifree  HC1,  in  the  presence  of  a soluble  chloride,  are  best  detected  by 
gently  heating  with  MnOj  or  Pb02,  and  passing  the  evolved  chlorine  into  a 
solution  of  potassic  iodide  and  starch.  The  chlorine  liberates  iodine  (2KI  + 
Cl2  = 2KC1  + I2)  gdiich  forms  with  the  starch  blue  iodide  of  starch. 

QUESTIONS  AND  EXERCISES. 

1.  How  are  the  several  solid  chlorides  acted  upon  by  heat  P 

2.  How  is  chlorocliromic  acid  prepared  P 

3.  Classify  all  chlorides  according  to  their  solubility  in  water. 

4.  Describe  the  most  characteristic  tests  for  chlorine,  as  well  as  for  hydrochloric 

acid  or  chlorides. 

5.  How  are  insoluble  chlorides  examined  ? 

6.  How  would  you  detect  free  HC1  in  the  presence  of  a metallic  chloride  ? 

7.  Explain  the  action  of  distilled  water,  of  chlorine  water,  amnionic  hydrate, 

potassic  cyanide,  sodic  hyposulphite,  and  sulphuric  acid  upon  AgCl, 
Hg-oCl2,  and  PbClo. 

8.  You  have  given  to  you  100  c.c.  of  a liquid  containing  free  HC1  and  a solu- 

tion of  sodic  chloride.  50  c.c.  of  the  liquid  gave  2 345  grms.  of  AgCl. 
After  evaporation  and  ignition  of  the  other  50  c.c.  the  residue  yielded  on 
precipitation  with  argentic  nitrate  l'59(i  grm.  of  AgCl.  What  is  the  per- 
centage of  HC1  and  of  sodic  chloride  in  the  liquid  ? 


CHLORIC  ACID,  j q^-q- — Obtained,  in  combination  with 

calcium,  by  passing  chlorine  through  a solution  of  calcic  hydrate 
and  potassic  carbonate  to  complete  saturation.  To  a concentrated 
solution  of  the  calcic  chlorate,  formed  according  to  the  equation : — 

f OC1 

6CaHo2  + 6C12  = \ gCao"  + 5CaCl2  + GOH2, 

\OCl 

add  a solution  of  potassic  chloride,  when  calcic  chloride  and  potassic 

chlorate,  j q^0,  are  formed  by  double  decomposition.  Potassic 

chlorate,  being  little  soluble  in  cold  water’,  and  still  less  so  in  a 
solution  of  calcic  chloride,  crystallises  out,  and  is  washed  with  cold 
water  and  purified  by  recrystallisation. 
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REACTIONS  IN  THE  DRY  WAY. 

All  clilorates  are  decomposed  by  beat ; they  fuse  and  evolve 
oxygen,  or  a mixture  of  chlorine  and  oxygen,  according  to  the 
greater  or  less  affinity  of  the  metal  for  oxygen  or  chlorine,  leaving  a 
residue,  consisting  of  a metallic  chloride,  oxychloride,  or  oxide. 

On  heating  a few  crystals  of  potassic  chlorate  in  a test-tube,  the 
presence  of  oxygen  can  be  shown  by  introducing  a glowing  splintei 
of  wood  into  the  test-tube.  On  dissolving  the  fused  mass  in  water, 
and  adding  a drop  of  argentic  nitrate,  a white  curdy  precipitate  is 
obtained,  whilst  a solution  of  a pure  chlorate  (unignited)  gives  no 
precipitate. 

Chlorates  part  with  their  oxygen  far  more  readily,  upon  ignition, 
than  nitrates.  When  mixed  with  oxidizable  substances,  such  as  C, 
S,  P,  or  KCy,  they  explode  violently,  even  when  gently  rubbed 
together  in  a mortar,  or  when  moistened  with  a drop  of  concen- 
trated sulphuric  acid.  Care  should,  therefore,  be  taken  to  powder, 
or  heat  together,  only  very  small  quantities  of  a chlorate  and  organic 
substances. 

REACTIONS  IN  THE  WET  WAY. 


A SOLUTION  of  POTASSIC  chlorate  may  be  employed. 

All  chlorates  are  soluble  in  water.  In  order,  therefore,  to  detect 
chlorates,  we  avail  ourselves  of  their  powerful  oxidizing  action,  and 
their  leaving  for  the  most  part  a chloride  on  ignition.  long 
hydrochloric  and  sulphuric  acids  decompose  chlorates,  with  evolution 
of  chlorine  and  formation  of  lower  oxides  of  chlorine. 

Concentrated  sulphuric  acid  decomposes  potassic  chlorate  even 
in  the  cold,  a qreenish-yellow  gas,  called  chloric  ycroxldc, 
comes  off,  which  is  recognized  by  its  suffocating  odour.  Un  the 
application  of  heat  (especially  on  operating  with  somewhat  large 
quantities)  violent  explosions  occur.  A few  small  crystals  only  of  the 
chlorate  should,  therefore,  be  employed,  and  the  test-tube  should  b 
held  with  its  mouth  turned  away  from  the  operator.  I he  change 
may  be  expressed  by  the  equation  : 


OC1 

OKo 


roci 

+ 2S03o2  = 2SO2H0K0  + < o 


+ 

[OKo 

Potassic 

perchlorate. 


f OC1 

{ o2 

[OCl 

Chloric 

peroxide. 


+ OH2 


HC1,  especially  when  heated,  decomposes  potassic  chlorate, 
giving  off  a mixture  of  chloric  peroxide  and  free  chlorine,  called 

euchlorind,  thus : fOCl 


8 


{ 


OCl 

OKo 


+ 24HC1  = 3<(  02  + 9C12  + 8KC1  + 120H2. 

[OCl 


A solution  of  indigo  (sulphindigotic  acid)  is  decolorized  on  the 
addition  of  a solution  of  a chlorate  and  a little  sulphuric  acid,  by  a 
reaction  analogous  to  that  produced  by  free  nitric  acid. 

Perchlorates  are  more  stable  than  chlorates.  Concentrated  sul- 
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phuric  acid  fails  to  decompose  perchloric  acid  in  the  cold  and  with 
difficulty  only  on  heating.  (Distinction  from  chloric  acid.)  Hydro- 
chloric, nitric,  and  sulphurous  acids  do  not  decompose  aqueous 
solutions  of  perchlorates,  nor  is  indigo  solution  decolorized.  All 
perchlorates  are  soluble  in  water,  most  of  them  freely.  Potassic 
perchlorate  is  sparingly  soluble  in  water,  insoluble  in  alcohol. 

In  order  to  distinguish  a nitrate  from  a chlorate,  dissolve  a small  portion 
of  tlie  two  salts  in  water,  and  add  a few  drops  of  argentic  nitrate  to  make  sure 
that  no  chloride  is  present.  Ignite  another  portion  strongly  till  the  evolution  of 
oxygen  ceases  ; allow  to  cool,  and  dissolve  out  with  hot  water.  To  one  portion  of 
the  solution  add  a few  drops  of  dilute  nitric  acid,  and  then  argentic  nitrate.  A 
white  curdy  precipitate  indicates  the  presence  of  a chloride,  and,  indirectly,  of  a 
chlorate.  To  the  other  portion  of  the  solution  add  potassic  iodide  and  starch 
solution,  and  then  a few  drops  of  acetic  acid  ; a blue  coloration  of  iodide  of  starch 
proves  the  presence  of  a nitrite,  derived  from  the  potassic  nitrate. 

If  a chloride  be  present,  as  well  as  a chlorate  and  nitrate , a solution  of  argentic 
sulphate  must  be  added  to  the  solution,  as  long  as  a precipitate  comes  down.  The 
AgCl  is  filtered  off,  and  the  filtrate  evaporated  to  dryness,  with  the  addition  of  a 
little  pure  sodic  carbonate,  and  the  residue  strongly  ignited.  The  dry  mass  is 
extracted  with  a little  boiling  water,  filtered,  and  argentic  nitrate  added  to  a por- 
tion of  the  acidulated  (N02Ho)  solution,  as  long  as  a precipitate  comes  down. 
The  remaining  portion  is  tested  /or  nitric  acid,  either  by  the  iodide  of  starch 
reaction,  or  by  means  of  a ferrous  salt  and  sulphuric  acid. 

QUESTIONS  AND  EXERCISES. 

1.  State  briefly  how  potassic  chlorate  is  prepared. 

2.  Describe  the  changes  which  potassic  chlorate  undergoes  on  ignition. 

3.  Explain  the  action — 1st,  of  concentrated  sulphuric  acid  ; 2nd,  of  concentrated 

hydrochloric  acid  upon  potassic  chlorate.  Give  equations. 

4.  How  can  a chlorate  be  detected  in  the  presence  of  a chloride  ? 

5.  How  can  a nitrate'  and  a chloride  be  recognized  in  the  presence  of  a 

chlorate  ? 

6.  Introduce  some  strips  of  metallic  copper  into  a mixture  of  potassic  chlorate, 

arsenious  acid  and  hydrochloric  acid,  and  explain  why  no  precipitate  of 
metallic  arsenic  is  obtained  on  the  copper. 


HYPOCHLOROUS  ACID,  ClHo. — The  salts  which  this 
acid  forms  possess  considerable  interest,  on  account  of  the  powerful 
bleaching  action  which  they  exert  in  the  presence  of  acids.  Of  im- 
portance are  the  sodic  and  calcic  hypochlorites,  which  are  obtained 
along  with  the  corresponding  chlorides,  by  passing  chlorine  through 
a solution  of  the  carbonates  or  hydrates.  An  important  compound 
closely  related  to  the  hypochlorites  is  the  calcic  chlorohypochlorite 
(a  constituent  of  chloride  of  lime  or  bleaching  powder*),  which  appears 
to  be  formed  according  to  the  equation : — 


CaHo2  + Cl2  = Ca(OCl)Cl  + OH,. 

Hypochlorites  are  gradually  decomposed  on  exposure  to  air 
(owing  probably  to  the  action  of  the  carbonic  anhydride  contained 

* The  actud  composition  of  this  important  body  is  usually  oxpressed  by  the 
formula  : Ca(0Cl)Cl,Ca0,20H,,  requiring  32  42  p.c.  of  chlorine,  moro  accu- 

rately, however,  by  that  of  Ca(OCl)Cl,CaHo2,  which  requires  35'32  n c of 
chlorine.  ^ 1 
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in  air).  Dilute  acids  liberate  chlorine,  and  it  is  on  this  account 
that  hypochlorites  are  of  such  great  value  as  disinfectants  and 

bleaching  agents. 

REACTIONS  IN  THE  DRY  WAY. 

Hypochlorites  are  converted  into  chlorates  (which  give  off  oxygen 
when  ignited),  and  chlorides,  thus  : 

/ OC1 

6Ca(0Cl)Cl  = I QCao"  + 5CaCl2. 

1 OOl 

REACTIONS  IN  TIIE  WET  WAY. 

We  employ  a solution  of  calcic  or  sodic  hypochlorite, 

CmTli  hW,eUoriteS  are  soluble  in  water.  Their 

bleach  vegetable  colours.  On  heating  or  cvapo nrtn ng  di  . te  sota 

(Distinction  BLiw  ^ ^ oxiaizable  substances,  and  become 

give  rise,  thus  : — 


As203 
MnCl2 
PbO 
PbS 
f COHo 
\COHo 


is  oxidized  to  As2Og. 

Mn02. 
PbO,. 


5> 


)) 

55 

55 


S02Pbo''. 
2C02  + OH*. 


Indigo  or  litmus  is  readily  decolorized. 

QUESTIONS  AND  EXERCISES. 

i Est™“ tho 

changes  by  equations. 

3 How  is  bleaching  poivder  prepared . , ntion  of  a bYpoeblorite. 

4.  Explain  the  bleaching  ^c,10^_°  ““hen  a hypochlorite  is  ignited  by  itself ; 

5.  What  change  takes  place  1st,  ^hypochlorite  is  boiled  ? 

6 *^££££^3**^  bro,,e“ in  ““ 

ho 

8.  re?uipea  t0  ‘tamto.  (•'  doel.lormW)  1'235 

grm.  of  the  bleaching  powder  ? 

a rTTO  TIBr — The  clement  bromine  occurs 

in  SeESy°“  nth  the  hxetl  a, babes  and  the 
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metals  of  the  alkaline  earths  (calcium,  magnesium),  forming  salts, 
called  bromides,  which  resemble  the  chlorides  of  the  same  metals 
very  closely,  and  from  which  we  derive  both  bromine  and  hydro- 
bromic  acid. 

REACTIONS  IN  THE  DRY  WAY. 

Most  bromides  remain  unaltered  when  ignited ; others  are  vola- 
tilized without  decomposition.  AuBr3  and  PtBr4  are  decomposed 
upon  ignition  into  metal  and  bromine,  which  latter  volatilizes.  Many 
bromides  are  acted  upon,  when  ignited  with  free  access  of  air,  and 
are  converted  into  oxides  and  free  bromine ; others  again,  such  as 
Al2Br6,  etc.,  are  decomposed,  on  evaporation  of  their  aqueous  solu- 
tions, into  oxides  and  hydrobromic  acid.  KBr  and  NaBr  are  con- 
verted, to  a great  extent,  into  KOI  and  NaCl,  on  repeated  ignition 
with  ammonic  chloride.  When  fused  with  hydric  potassic  sulphate, 
bromides  are  decomposed  into  sulphates,  with  evolution  of  sul- 
phurous anhydride  and  bromine.  The  few  insoluble  bromides  of 
the  heavy  metals  are  converted  into  soluble  alkaline  bromides  by 
fusion  with  alkaline  carbonates. 

Heated  before  the  inner  flame  of  the  blow-pipe  on  a bead  of  microcosmic  salt, 
in  which  a little  cupric  oxide  has  been  diffused,  bromides  impart  a blue  colour  to 
the  flame,  which  passes  into  green,  especially  at  the  edges.  This  distinction 
between  chlorides  and  bromides  is,  however,  not  very  marked. 

REACTIONS  IN  THE  WET  WAY. 

A SOLUTION  OF  POTASSIC  bromide,  KBr,  may  be  employed. 

All  metallic  bromides  can  be  divided  into — 

1st.  Bromides  which ■ are  insoluble  in  water,  such  as  AgBr, 
'Hg'  2Br2,  PbBr2  (less  soluble  in  water  than  PbCl2),  and — 

2nd.  Bromides  which  are  soluble  in  water,  comprising  all  other 
bromides. 

Certain  bromides,  e.g.,  SbBr3,  BiBr3,  are  decomposed  by  water 
into  insoluble  oxybromides  and  hydrobromic  acid.  They  resemble 
in  this  respect  the  corresponding  chlorides. 

In  order  to  detect  hydrobromic  acid  or  a soluble  bromide,  add  a 
solution  of  an  argentic  (mercurous  or  plumbic)  salt  to  the  solution, 
when  a yellowish  white  precipitate  of  argentic  bromide,  AgBr,  is 
formed,  which  is  insoluble  in  dilute  nitric  acid,  somewhat  soluble  in 
concentrated  ammonic  hydrate,  readily  soluble  in  potassic  cyanide  or 
sodic  hyposulphite.  By  decanting  the  supernatant  liquid,  washing 
with  a little  water,  and  treating  the  precipitated  argentic  bromide 
with  strong  hydrochloric  acid,  reddish  brown  fumes  of  bromine  are 
evolved  which  colour  starch  paste  yellowish.  (Distinction  between 
AgBr  and  AgCl.) 

Insoluble  bromides,  such  as  AgBr,  Hg2Br2,  PbBr2,  can  be 
decomposed  by  heating  in  a test-tube  with  alkaline  carbonates  (free 
from  chlorides).  The  aqueous  extract  is  tested  for  hydrobromic 
acid,  and  the  insoluble  residue  for  silver  or  lead.  Hg  2Br2  gives  a 
sublimate  of  metallic  mercury. 

In  the  absence  of  any  well-marked  distinguishing  features  in  the 
argentic  bromide  precipitate,  it  is  preferable  to  liberate  bromine 
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from  soluble  bromides,  and  to  cause  the  reddisli-brown  vapour  to  act 
upon  starch  paste  with  formation  of  yellowish  bromide  of  starch. 

Nitrous  acid  (or  a nitrite  and  dilute  hydrochloric  acid)  does  not 
liberate  any  bromine  from  soluble  bromides.  (Distinction  between 
BROMIDES  AND  iodides.)  All  bromides  are,  however  decomposed  by 
chlorine,  with  evolution  of  bromine,  which  remains  dissolved  in  t e 
aqueous  solution.  On  shaking  with  a little  ether,  the  bromine  is 
taken  up  by  the  ether,  forming  a yellowish-red  liquid,  which  floats 
on  the  top  of  the  saline  aqueous  solution.  11ns  ethereal  liquid  may 
be  removed  by  means  of  a small  pipette,  and  on  being  treated  with 
potassic  hydrate  is  converted,  on  evaporation,  into  potassic  bromide 
and  potassic  bromate,  thus  : — 

3Br2  + 6KH0  = 5KBr  + j 0Ko  + 3°H2' 

Bromine  is  obtained  from  natural  bromides,  such  as  potassic, 
magnesic,  and  calcic  bromides,  by  reactions  analogous  to  those 
employed  for  the  preparation  of  chlorine  from  common  salt  (page 
118)  ;->for  instance,  on  distilling  with  manganic  oxide  and  concen- 
trated sulphuric  acid,  thus : 

2KBr  + Mn02  + 2S02Ho2  = Br2  + S02Ko2  + S02Mno"  + 20H2, 
or  by  distilling  a bromide  with  dipotassic  dichromate  and  sulphuric 
acid,  thus : — 

6KB  r + Cr206Ko2  + 7S02Ho2  = 3Br2  + S30a0rao*  + 4S02Ko2 

+ 70H2. 

A mixture  of  a bromide  and 
manganic  oxide,  or  dipotassic 
dichromate  is  introduced  into  a 
tubulated  retort  (Fig.  16),  with 
concentrated  sulphuric  acid, 
diluted  with  its  own  weight  of 
water,  and  gently  heated  over  a 
gas  flame.  The  reddish-brown 
vapours  of  br  online  passes  ovei, 
and  condenses  in  a flask  (wliich 
should  be  kept  cold  by  a stream 
of  water,  or  better  still,  in  a 
vessel  surrounded  with  ice),  to  a 
reddish-brown  heavy  liquid. 

Concentrated  sulphuric  acid 
alone  evolves  hydrobromic  acid, 
together  -with  bromine  and  sulphurous  anhydride,  thus 

4KBr  + 3SO„Ho,  = Br,  + 2HBr  + 2SO,Ko,  + 20H,  + SO,. 

Concentrated  nitric  acid  evolves  bromine,  together  with  nitrous 
fumes,  thus : — 

2KBr  + 4N02I4o  = Br2  + 2N02Ko  + N204  + 3 2, 


Eio.  16. 
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Ir  the  two  last  reactions  the  sulphuric  and  nitric  acids  act  as 
oxidizing  agents,  performing  in  fact  the  functions  of  the  manganic 
oxide  and  dipotassic  dichromate  in  the  former  reactions. 

It  is  obvious  that  the  hydrogen  may  also  be  removed  from  hvdrobromic  acid 
(or  the  metal  from  a metallic  bromide)  by  other  oxidizing  agents,  such  as  per- 
manganates and  metallic  peroxides,  in  the  presence  of  an  acid. 

Bromine  is  a heavy  reddish-brown  liquid,  of  disagreeable  odour, 
resembling  the  odour  of  chlorine.  It  boils  at  63°  0.,  and  volatilizes 
at  the  ordinary  temperature.  Bromine  vapour  bleaches  vegetable 
colours  like  chlorine  gas.  It  is  difficultly  soluble  in  water,  somewhat 
more  soluble  in  alcohol,  and  readily  soluble  in  ether  to  a yellowish- 
red  liquid. 

Bromine  (like  chlorine)  is  an  oxidizing  agent,  i.e.,  it  is  eager  to 
combine  with  hydrogen,  and  is  capable  of  decomposing  water, 
sulphuretted  hydrogen,  etc.,  under  favourable  circumstances  (e.g., 
sunlight),  with  liberation  of  oxygen,  sulphur,  etc.  We  avail  our- 
selves of  this  tendency  to  prepare  hydrobromic  acid,  which  cannot 
be  obtained  pure  by  distilling  a bromide  with  sulphuric  acid.  By 
passing  sulphuretted  hydrogen  through  bromine  suspended  in  water, 
a colourless  solution  of  hydrobromic  acid  is  obtained,  and  sulphur 
separates,  thus 

Br2  + SH2  = 2HBr  + S. 

This  solution  always  contains  some  sulphuric  acid,  owing  to  a 
secondary  reaction  of  the  bromine  upon  water,  in  the  presence  of 
nascent  sulphur  : — 

3Br2  + 40H2  + S = 6HBr  + S02Ho2, 

from  which  the  hydrobromic  acid  is  separated  by  distillation. 

It  will  be  inferred  from  this  that  the  decomposition  of  water  by 
bromine  would  be  assisted  very  much  by  the  presence  of  deoxidizing 
bodies,  such  as  phosphorus,  metallic  hypophosphites,  sulphites,  hypo- 
sulphites. 

Hydrobromic  acid  can  likewise  be  prepared  by  distilling  an 
alkaline  bromide  with  phosphoric  acid. 

In  order  to  distinguish  a bromide  in  the  presence  of  a chloride , argentic  nitrate 
is  added  gradually  to  the  solution,  acidulated  with  a little  dilute  nitric  acid. 
AgBr  is  precipitated  first,  and  by  filtering  off,  as  soon  as  the  precipitate  appears 
white — an  indication  that  the  whole  of  the  bromide  has  been  precipitated,  and 
that  AgCl  begins  to  fall  out — the  two  acids  may  he  roughly  separated. 

It  is,  however,  preferable  to  employ  the  reaction  described  at  page  117,  viz., 
of  distilling  a mixture  of  a dry  chloride  and  bromide  with  dipotassic  clichromate 
and  concentrated  sulphuric  acid,  and  of  obtaining  chlorochromie  acid  and  bro- 
mine, the  former  being  decomposed  by  water  into  Cr02Ho2  and  HC1.  The 
bromine  remaining  unchanged,  can  be  removed  by  ether.  On  adding  AmHo 
to  the  bromine  solution  a colourless  liquid  containing  ammonic  bromide  and  bro- 
mate  is  obtained. 


QUESTIONS  AND  EXERCISES. 

1.  Describe  a method  by  which  bromine  can  be  obtained  from  a soluble  bro- 

mide. 

2.  IIow  would  you  prepare  HBr  from  a soluble  bromide  ? 
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3.  Explain  tlae  action  of  heat  upon  solid  soluble  bromides. 

4.  Classify  all  bromides  according  to  then'  solubility  in  water. 

5 Describe  the  most  characteristic  tests  for  bromine,  and  for  HBr. 

6*  Explain  the  action  of  chlorine,  dilute  HC1,  concentrated  S02Ho2,  concen- 
trated NOjHoo,  and  of  POHo3  upon  potassic  bromide. 

7.  How  is  HBr  distinguished  from  HC1  ? , 

8.  What  takes  place  when  bromine,  phosphorus,  and  water  are  brought 

9.  Explain  the  action  of  SH2,  SONaoj,  and  SSONao.  upon  bromine  suspended 

10.  Give  the  atomic  and  volume  weights  of  bromine  and  of  hydrobromic  acid. 

11  i-5g  grm.  of  argentic  bromide  are  heated  in  a current  of  chlorine  ; wliat  m 
be  the  weight  of  the  silver  salt  left  ? 


BROMIC  ACIII,  { Obtained  in  combination  with  potassium  by 

addine  bromine  to  a moderately  concentrated  solution  of  potassic 
Potassic  bromate  crystallises  out  from  the  slightly  yellowish-coloured  liquid,  and 
is  purmed  from  potassic  bromide  by  washing  with  water  and  rccrystallisation.  The 
reaction  takes  place  according  to  tlio  equation 


3Br2  + Glfflo  = 5IvBr  + 


TOBr 
\OlIo  + 


30Ho. 


The  free  acid  is  obtained  by  decomposing  baric  bromate  with  dilute  sul- 

pliuric  ac'  eeactions  in  the  dby  way. 

All  bromates  are  decomposed  by  heat.  Some,  e.g  the  alkaline  bromates 

EEACTIONS  IN  T1IE  WET  WAY. 

f OBr 

We  employ  a solution  of  potassic  beomate,  O£0- 

All  bromates  are  soluble  in  mater.  Argentic  and  mercurous  bromates  are 

siss-ai  eacsS 

into  bromine  and  water,  thus  : 


5KBr  + 


J OBr  + 0HO1  = 3Br2  + 30H2  + 6KC1. 
\ OKo 


. p i warn  is  moreover,  rendered  apparent  on 

jssssss  ^ j;-  - — -*■  d'10- 

with  N02Ago ; the  white  argentic  liromate,  { oAgo>  glvos  0,1  b,0,mm  on 
- . , |rpi  The  residue  which  bromates  and  chlorates  leave  on 

aCSted  b,  an,  of  the  method,  de.cribed  under  l,,d,o.blo„. 

and  hydrobromic  acids. 
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QUESTIONS  AND  EXERCISES. 

1.  State  how  potassic  and  baric  bromides  are  prepared. 

2.  Describe  the  changes  which  metallic  bromates  undergo  when  submitted  to 

heat. 

3.  Explain  the  action  of  dilute  acids  upon  potassic  bromate. 

4.  What  is  the  action  of  SH2,  S02,  or  P203  upon  potassic  bromate  ? 

5.  How  can  a bromate  be  distinguished  in  the  presence  of  a bromide  ? 

6.  How  can  a bromate  be  distinguished  from  a chlorate  or  nitrate  P 

7.  How  is  free  bromic  acid  obtained  ? 

8.  How  much  potassic  bromate  should  there  be  obtained  from  50  grms.  of 

bromine  P 


HYDRIODIC  ACID,  HI. — Occurs  in  nature  in  the  form  of 
soluble  iodides  (KI,  Nal,  Mgl2,  Cal2),  in  sea  water,  in  the  ashes  of 
marine  plants,  in  some  mineral  springs,  from  which  bodies  iodine  is 
obtained,  by  processes  similar  to  those  employed  for  the  extraction 
of  bromine  from  bromides. 

REACTIONS  IN  THE  DRY  WAY. 

Most  iodides  undergo  decomposition  when  heated  by  themselves, 
either  with  or  without  exclusion  of  air.  Aul3  and  Ptl4  give  off 
iodine,  and  leave  the  metals ; others  are  partially  decomposed, 
giving  off  iodine,  and  leaving  an  oxide  of  the  metal.  The  alkaline 
iodides,  however,  can  be  heated  to  fusion,  without  undergoing  any 
decomposition.  Ignition  with  ammonic  chloride  converts  iodides 
only  partially  into  chlorides.  On  fusing  cupric  oxide  in  a bead  of 
microcosmic  salt,  and  introducing  a little  potassic  iodide  into  the 
bead  and  heating  in  the  inner  blowpipe  flame,  the  outer  flame 
becomes  of  a fine  emerald  green  colour. 

REACTIONS  IN  THE  WET  WAY. 

We  employ  a solution  of  potassic  iodide,  KI. 

All  metallic  iodides  may  be  divided  into — 

1st.  Iodides  insoluble  in  water,  such  as  Agl,  Hg,I2,  Hgl2, 
Pbl2,  Cu2I2  (Bils,  Aul3,  Ptl4),  and  Pdl2,  and — 

2nd.  Iodides  soluble  in  water , comprising  all  others.  The 
iodides  of  the  heavy  metals  are  less  soluble  than  the 
corresponding  bromides  or  chlorides. 

Soluble  iodides  may  be  examined  in  two  ways — 

1st.  By  'precipitation  or  conversion  of  the  soluble  into  insoluble 
iodides. 

N02Ago  gives  a yellowish  white  precipitate  of  argentic  iodide, 
Agl,  insoluble  in  dilute  nitric  acid,  almost  entirely  insoluble  in 
ammonic  hydrate  (distinction  between  HI  and  HC1,  OR  HBr)  ; 
soluble  in  potassic  cyanide. 

N204Hg2o"  gives  a yellowish  green  precipitate  of  mercurous 
iodide,  Hg2I2,  insoluble  in  dilute  nitric  acid,  soluble  in  potassic 
iodide. 
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HgClo  on  vino;  a beautiful  Vermillion  red  precipitate  of  mercuric 
iodide,  Hgl2,  soluble,  however,  in  excess  either  of  mercuric  chloride 
or  of  potassic  iodide. 

( { co>-Pbo" §ives  a yeUow  preciPitafce  of  i»iumbic  ioiUde> 

Pbh,  soluble,  like  the  chloride,  in  hot  water,  from  which  it  crystal. 
Uses  out,  on  cooling,  in  beautiful  shining  yellow  scales ; soluble 

dllUSO^Cu2o''lC(cuprous  sulphate),  obtained  by  treating  SOoCuo' 
with  SOHon,  produces  a dirty  white  precipitate  of  cuprous  ioiiuic, 
Cu2I2,  which  is  of  interest,  because  chlorides  and  bromides 
precipitated  in  like  manner,  and  because  it  serves  frequently  for 
removing  iodides  from  dilute  solutions  containing  chlorides  and 

bromides.  Uheraiing  iodme,  and  causing  the  iodine  vap°ur  to  act 
upon  starch  paste.  This  may  be  effected  m seveial 

On  mixing1 ^dilute  solution  of  potassic  iodide  with  a few  drops 
of  hydrochloric  acid,  and  then  adding  a drop  or  two  of  a solution  o 
notassic  nitrite,  iodine  is  instantly  liberated,  and  may  be  detected 
K tTe  yellowish-brown  tint  it  imparts  to  the  solution,  or  better mtill 
by  allowing  it  to  act  upon  a freshly-prepared  solution  of  starch 
Aicli  it  imparts  a fine  blue  colour,  owing  to  the  formation  of  10 
tZl  Thl  is  one  of  the  most  delicate  tests.  The  reaction 
Itltaaliy  well  for  tl.e  detection  of  NOHo  (comp  page  116),  or 
N02Ho,  after  reducing  to  NOHo  (see  page  114),  thus. 

2ICI  + 2NOKo  + 4-HC1  = I2  + 4KC1  + N202  + 20H2. 

A solution 

%££»  SET  EffSoTl  iodine,  but  the  colour  which  is 
’"SStoSi ' ^^^"Udrrf  nitrogen,  acts  like  a 
“^Bromine  or  chlorine  (or  what  amounts  to 

TTPl  or  metallic  peroxides  or  perchlondes,  e g.,  Ba02,  Pb02,  mnu. 
JT  1 T-TOl  or  Fe2Cl0  and  HC1),  liberates  iodine  from  iodides.  Ac- 

“rdSg  to  thf  qhntity  of  iodide 

crystals.  , „ P^frc,otion  of  iodine  from  metallic 

The  methods  p““Tiodine  by  oxygen  (or  its 

iodides  are  all  b“c^  P bromine).  Iodine  is  obtained  by  distilling 

2KI  + MnO,  + 2SO,Ho,o=  I>o+  SO,Mno"  + SO.Ko,  + 

_ 3I2  + SgOoCr^  + 4S02Ko2  + 
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Concentrated  acids,  sucli  as  S02Ho2,  or  NO,Ho,  decompose 
iodides  with  separation  of  bluish  black  scales  of  iodine  and  evolu- 
tion of  S02  or  lower  oxides  of  nitrogen,  thus  : — 

2KI  + 2SO,Ho2  = I2  + S02Ko2  + S02  + 20H„. 

2KI  + 4N  OoHo  = I2  + 2NOaKo  + N204  + 2 OH,. 

On  fusing  an  iodide  with  S02HoKo,  iodine  is  likewise  liberated, 
thus 


2KI  + 4S02HoKo  = 8S02Ko2  -1-  S02  + I,  + 20H2. 


On  examining  for  traces  of  iodine  by  acting  upon  an  iodide  with  chlorine  or 
bromine,  excess  of  the  latter  elements  must  be  carefully  avoided,  as  the  iodine 
forms  with  the  chlorine  or  bromine  colourless  chloride  or  bromide  of  iodine,  and 
destroys  the  blue  colour  of  iodide  of  starch,  or  the  violet  colour  of  the  carbonic 
disulphide  solution.  The  blue  colour  of  iodide  of  starch  is  also  destroyed  by 
various  reducing  agents,  such  as  S02,  SH2,  As203,  Sn012,  and  Hg\2Cl2,  or  by 
any  organic  reducing  body.  Alkalies  destroy  the  colour,  dilute  acids  (even  acetic 
acid)  restore  it  again.  On  heating  iodide  of  starch  the  colour  disappears,  but 
reappears  on  cooling. 

The  destruction  of  the  blue  colour  of  iodide  of  starch  by  various  reducing 
agents  is  due  to  the  decomposition  of  water  by  the  iodine,  with  formation  of  HI, 
the  oxygen  being  transferred  to  the  reducing  agent,  thus : — 

SOTIo,  (a  dilute  solution)  + I2  + OH,  = SO,Ho3  + 2HT. 

SH,  + I2  = 2HI  + S. 

AsHo3  + I2  + OH2  = 2HI  + AsOHo3. 


Hydriodic  acid  is  usually  prepared  by  acting  upon  iodine  sus- 
pended in  water  (or  dissolved  in  hydriodic  acid),  with  a current  of 
SH2.  Sulphur  separates  and  is  removed  by  filtration,  and  the 
solution  of  hydriodic  acid  concentrated  by  distillation.  Its  aqueous 
solution  absorbs  oxygen  from  the  air,  water  being  formed  and 
iodine  liberated,  which  dissolves  in  the  undecomposed  hydriodic 
acid,  and  imparts  a brown  colour  to  the  liquid. 

Insoluble  iodides  have  to  be  fused  with  alkaline  carbonates. 
The  aqueous  extract  is  examined  for  iodine,  and  the  residue  for  the 
metal. 


■ QUESTIONS  AND  EXERCISES. 


1.  How  would  you  extract  iodine  from  Mg'!,  ? Give  several  methods,  and 

express  the  changes  by  equations. 

2.  Explain  the  action  of  heat  upon  solid  iodides. 

3.  Classify  all  iodides  according  to  their  solubility  in  water. 

4.  Explain  how  you  would  distinguish  HC1,  HBr,  and  HI,  when  occurring  in 

one  and  the  same  substance, 
o.  Explain  the  action  of  iodine  vapour  upon  starch. 

6.  W hy  is  it  preferable  to  liberate  iodine  by  means  of  N,03,  instead  of  by 

bromine  or  chlorine  ? 

7.  How  would  you  prepare  a solution  of  hydriodic  acid  ? 

8.  How  much  iodine  can  be  obtained  from  100  lb.  of  Nal  P 

^ 8Taptuc  formula;  for  cuprous  and  mercurous  iodides. 

10.  Explain  how  you  would  distinguish  free  iodine  in  the  presence  of  an 


11.  What  action  takes  place  when  a dilute  solution  of  S02  acts  upon  iodine,  and 
,.off  car\  10<hne  be  made  the  measure  for  SO,  and  vice  vers  A ? 

tl^in  imn^eralWat/ru7ield  ‘134  grm‘  of  AgI;  how  much  iodine  is 
there  in  100,000  parts  of  the  water  P 
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IODIC  ACID,  j -Potassic  ioclate  is  obtained,  like  the  corresponding 

chlorate  and  bromate,  by The  free  add  canbe°  ptepSd  by 
lises  out  first,  being  much  less  soluble  than  1 • 
decomposing  baric  iodate  with,  sulphuric  acid,  thus . 


{S1 

{°oi 


Dao"  + SOoHo; 


»2  = 2{ 


01 

OHo 


SOoBao" 


L UL 

Iodic  acid  is  also  obtained  by  the  action  of  strong  boding  acid  upon 

iodine,  or  by  passing  chlorine  through  iodine  suspended  in  water. 

reactions  in  the  dry  way. 

All  iodates  arc  decomposed  upon 

SXwS  heS  UtXSoal  they  explode  less  violently  than  chlorates 

or  bromates.  reactions  in  the  wet  way. 

JOI  . 

Wc  employ  A solution  of  potassic  iodate,  0j£0 

Alkaline,  iodates  alone  are  in  wale, ’ solublo  jn  nitric  acid. 

BaCl2  givos  a while  precipitate  o « „recir>itate  of  argentic  iodate, 
NO,,  A go  produces  a white  <»y8^ , ,}  ^ amm0ni0  hydrate  (distinction 
Rimrinelv  solublo  in  nitric,  acid,  rendily  s sOTTo?  to  tbe  clear 

a 

f oT  + 3SOIIo,  = Agl  + 3S02Ho2. 

\OAgo  • • ri  1 

Potassic  iodate  is  decomposed  by  SlTi.  wiUi  four |vilh  separation  of 
sulphuric  acid,  and  precipitation  of  > ^nvcrted  into  liydriodic  acid, 

iodine,  which  (by  the  £ T^compS  by  weak  acids  {e.g.,  acetic 

A mixture  ot  an  iodate  and  iodide  m deco^i^  ^ ^ t]lere. 

acid),  with  liberationof  iodine.  jocUdo  of  starch  reaction, 

fore,  be  detected  by_  nmans  of  the  dehcate  ioai  ^ with  varl0Us  reduc- 

Iodates  which  g^-c  oil' iodine  vsben  y in  a marked  manner  from 

ing  agents,  e.g.,  S02,  SbOhao2,  . . linact0d  upon  by  concentrated  sulphuric 
chlorates  and  bromates  by  remmning  1 J SUch  as  ferrous  salts, 

acid,  unless  the  action  be  f by  the  interposition  ofthe  atoms 
etc.  Instead  of  acquiring  aTess  stable  chaia  iodnte  * and  still  more  so 

of  oxygeu  between  the  iodine  and  I through  an  alkaline  solution  of  potassic 
periodate  (obtained  by  passing  ch onne  tbi rotjh  ^ ^ more  readily  than 

iodate),  is  capable  of  .res^ng  the  action  oi^s  by  the  ordmary  reducing 

SSSiCb^U  iSSl-educed,  except  by  SH, 

questions  and  exercises. 

• i „ rtUfninod  P Clive  equations. 

1.  How  are  potassic  periodates  undergo  upon  ignition. 

2.  Explain  the  changes  which  iodates  an  L 

” IT  • • __  1 1 o\  florluces  from  tlie  dif* 

* J.  Thomson  (Deut.  Chem u Ges.  Jmates,  compared  with 

ferences  observed  m the  solu  y nrcference,  of  acid  salts  with  the  alk 
that  of  iodates,  also  the  formatmn  by  « c[m  bo  prepared  directly  by 

bases,  and  the  facility  wih  which  lodma^ax  ^ ag  a diba810  acid  arid 

heating  the  hydrated  acid,  that  ml  p"i,04(0H)s,  and  lie  derives  periodic 

*.  <— — b>  H- 
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3.  Explain  the  change  which  lakes  place  when  potassic  iodate  is  acted  upon — 

1st,  by  reducing  agents,  e.g.,  S02,  Silo,  Fe(Jl2 ; 2ndly,  by  concentrated 
sulphuric  acid. 

4.  A precipitate  contains  Agl  and  Q^a0-  State  how  you  would  separate  the 

two  salts  from  each  other. 

5.  Explain  the  action  of  HI  upon  a mixture  of  KI  and  -f  . b-r- 

■;  ■ flKo  S-HZj  MTOjC  * 

1 3/4 

HYDROFLUORIC  ACID,  HF. — Occurs  in  nature  in  com- 
bination chiefly  with  calcium  in  the  mineral  called  fluorspar  ( Derby- 
shire spar),  CaFo ; also  as  double  fluoride  of  aluminium  and 
sodium  in  cryolite,  6NaF,Al2FG.  It  is,  moreover,  met  with  in 
certain  natural  phosphates,  e.g.,  coprolite,  wavellite,  and  in  a few 
silicates,  e.g.,  topaz,  mica,  hornblende. 

REACTIONS  IN  THE  DRY  WAY. 

Heated  out  of  contact  with  the  air,  most  fluorides  remain  un- 
changed. Volatile  fluorides  can  be  distilled  ; but  when  heated  in  a 
moist  atmosphere,  or  if  water  be  added,  they  are  decomposed  into 
oxides  (oxyfluorides)  and  hydrofluoric  acid.  The  changes  which 
fluorides  undergo  in  the  dry  way  are  of  two  kinds. 

1st.  The  fluoride  gives  off  hydrofluoric  acid  gas  which  corrodes  glass. 

— By  heating  a fluoride  containing  water  in  a piece  of  combustion 
tubing,  open  at  both  ends,  before  the  blowpipe,  the  glass  around  the 
fluoride  is  attacked.  The  experiment  may  be  carried  out  also  by 
mixing  a little  microcosmic  salt  with  the  fluoride,  and  holding  the 
tube  in  a slightly  slanting  position. 

By  heating  a mixture  of  a fluoride  with  hydric  potassic  sulphate 
in  a test-tube,  HF  is  disengaged,  thus  : — 

CaF2  + 2S02HoKo  = S02Cao"  + S02Ko3  + 2HF. 

The  gas  corrodes  the  upper  part  of  the  tube  on  account  of  its  action 
upon  the  silica  of  the  glass,  with  which  it  forms  a gaseous  compound, 
silicic  fluoride,  SiF4,  thus  : — 

4HF  + Si02  = SiF4  + 20H2. 

2nd.  The  fluoride  is  decomposed  by  hydr  ic  potassic  sulphate  in  the 
presence  of  a borate,  with  formation  of  volatile  boric  fluoride , BF3. — 

By  heating  a mixture*  of  powdered  hydric  potassic  sulphate  and 
fused  borax  with  the  finely  powdered  fluoride,  on  the  loop  of  a 
platinum  wire,  in  a clear  flame  of  a Bunsen  gas  lamp,  boric  fluoride 
is  disengaged,  imparting  a beautiful  yellowish- green  colour  to  the 
flame,  which  is  highly  characteristic,  although  very  evaHescent. 

REACTIONS  IN  THE  WET  WAY. 

We  employ  A solution  op  sodic  fluoride,  NaF. 

* 10  mol.  of  S02HoKo  ( = 10  x 136). 

3 mol.  of  CaF2  ( — 3 x 78). 

1 mol.  of  B405Nao2  202. 

K 2 


-[32  PREPARATION  OF  HYDROFLUORIC  ACID. 

Most  metallic  fluorides  are  solid ; otters,  again,  suet  as  the 
fluorides  of  tte  metals  whose  tigter  oxides  possess  acid  properties 
form  volatile,  fuming,  highly  corrosive  liquids,  or  are  gaseous  at 

ill&  Fh^dVa^either  soluble .in .water  and  more  or  less  crystall.ne 
sucli  as  KF,  NaF,  AmF,  AgF,  SnF2,  Fe2Ffi,  HgF2,  A121 6,  or 
insoluble  or  very  sparingly  soluble  in  wf  - and  ^-pilous  wten 
ottained  tv  precipitation,  e.g.,  Cafl2,  BaF2,  PbF2,  Znl  2,  2- 

b The  reactions  which  a soluble  fluoride  gives  by  double  decom- 
pcsUion  with  solutions  of  salts,,  whose  metals  form  insoluble 

fluorides,  are  not  very  character istic.  # ■RoTj’ 

BaCl2  produces  a bulky  white  precipitate  of  baric  fluoride,  Bar2, 

soluble  in  hydrochloric  acid  and  in  much  ammomc  chloride. 

raf'l  for  Gallo,)  gives  a qelatinous  translucent  precipitate  of 
which  becomes  visible  by  the  addition  of 
ammon"c  hydrate.  Cal’,  is  slightly  soluble  m cold  hydrochloric  or 
nitric  acid''  difficultly  soluble  in  boiling  hydrochloric  acid,  less 
soluble “n  acetic  acid,  insoluble  in  free  hydrofluoric  acid,  soluble  to 

QnTYip  pxteiit  in  ammomc  cliloiidc.  ttiji 

NOuAgo  produces  no  precipitate.  (Distinction  between  H 

AND  It  is  preferable  to  test  for  HF  by  tte  reactions  based  upon  tte 

or  ti^oluble)  are  decomposed  on  heating 
with  concentrated  sulphuric  acid,  with  disengagement  of  Hr,  a 
metallic  sulphate  being  left,  thus 

CaFa  + SOalloa  = 2HF  + SOaCao". 

The  experimont  i,  bet  *%£?%£££ 
in  a small  leaden  cup  heated  o ^ xj-tube,  surrounded  with,  ice, 

for  the  condensation  of  the  acid. 

Hydrofluoric  acid  gas  is  highly 
corrosive,  and  should  not  be  inhaled. 
If  it  comes  in  contact  with  silica  (e.g., 
in  glass),  SiF4  is  formed.  The  glass 
becomes  corroded  or  etched. 

Its  action  upon  glass  may  be  shown  also 
by  covering  a platinum  crucible,  containing 
a little  finely  powdered  fluoride  and  concen- 
trated sulphuric  acid,  with  a piece  of  glass, 

. mi  fi1P  pvolved  hydrofluoric  acid  corrodes  tue 

e.g.,  a watch-glass.  JCofluoric  acid  becomes  apparent  when  the  glass  is 

glass.  The  action  of  ^ , and  some  design  scratched  on  the  waxed, 

covered  with  a thin  layer  o ’ t8  Up0n  the  unprotected  portion  of 

.id.  with  • pointed  ■“““Te  tin,  Sf  Z !«le  cold  in.  i.  keh  on  the 

the  glass.  To  prevent  the  meRing  etched  more  01.  less  deeply  into  the  glass, 
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glass  ; but  when  passed  into  water — best  by  letting  the  delivery- 
tube  dip  into  a little  mercury— it  is  decomposed  into  liydrofluo- 
silicic  acid  and  into  SiHo4,  thus : — 

3SiF4  + 40  Ho  = SiHo4  + 2(2HF,SiF4). 

This  reaction  is  employed  for  detecting  fluorine  in  silicates,  or  if 
applied  to  fluorides  which  are  free  from  silica,  some  finely  powdered 
quartz  or  glass  is  first  mixed  with  the  fluoride,  before  treating  with 
sulphuric  acid,  and  passing  the  silicic  fluoride  into  water. 

The  experiment  may  be  performed  in  a glass  flask  or  small  stone  ware  bottle, 
provided  with  a wide  delivery-tube,  which  dips  under  mercury  contained  in  a 
small  porcelain  cup  at  the  bottom  of  a beaker  or  glass  cylinder.  Care  should  be 
taken  that  the  inside  of  the  delivery-tube  remains  perfectly  dry,  when  the  re- 
ceiving vessel  is  filled  with  water.  A mixture  of  one  part  by  weight  of  finely 
powdered  fluorspar,  and  one  by  weight  of  fine  sand  is  introduced  into  the  glass 
or  stone  ware  vessel.  Seven  to  eight  parts  by  weight  of  oil  of  vitriol  are  added, 
and  the  whole  shaken  up  together  and  gently  heated  upon  a sand-  (or  water-) 
bath.  Each  bubble  of  the  evolved  SiF4,  on  passing  through  the  water,  is 
decomposed,  with  separation  of  gelatinous  silica,  which  after  a time  fills  the 
whole  glass  vessel  in  the  form  of  a dense  jelly.  The  silica  is  separated  by  strain- 
ing through  a cloth  from  the  hydrofluosilicic  acid,  which  may  be  returned  to  the 
glass  cylinder,  and  a fresh  quantity  of  SiF4  passed  through,  till  the  acid  solution 
has  become  sufficiently  concentrated. 

Silicates  containing  fluorides  which  are  not  decomposed  by  sulphuric  acid,  are 
fused  with  four  parts  of  fusion  mixture.  The  fused  mass  is  extracted  with  water 
and  filtered.  The  filtrate  contains  the  fluorine  in  the  form  of  alkaline  fluorides 
together  with  alkaline  silicates.  On  slightly  acidulating  with  dilute  hydrochloric 
acid  to  decompose  the  excess  of  alkaline  carbonates,  and  then  digesting  with 
amnionic  hydrate,  SiHo4  is  precipitated,  which  can  be  filtered  off,  leaving  the 
alkaline  fluoride.  On  adding  CalIo2  or  CaCl2,  and  digesting  at  a gentle  heat,  a 
gelatinous  precipitate  of  CaF2  is  obtained,  which  is  filtered  off,  dried,  and 
examined.  If  phosphoric  acid  be  present,  the  precipitate  contains  P202Cao/,3, 
as  well  as  CaF2,  which  does  not,  however,  interfere  with  the  disengagement  of 
hydrofluoric  acid  gas. 

Insoluble  fluorides,  e.g.,  CaF2,  are  not  completely  decomposed  by  fusion  with 
alkaline  carbonates,  unless  Si02  be  present. 


QUESTIONS  AND  EXERCISES. 

1.  Which  are  the  most  important  natural  compounds  of  fluorine  ? 

2.  What  changes  do  solid  fluorides  undergo  when  heated  by  themselves  ; 2ndly, 

when  mixed  with  microeosmic  salt  or  hydric  potassic  sulphate  ? 

3.  How  is  BF3  formed,  and  why  does  it  furnish  us  with  a characteristic  reac- 

tion for  fluorine  or  vice  versa  for  boron  ? 

4.  Classify  fluorides  according  to  their  solubility  in  water. 

5.  Describe  some  characteristic  reactions  for  fluorine  in  the  wet  way. 

6.  How  would  you  distinguish  gaseous  HC1  from  IIF  ? 

7.  Flow  is  hydrofluoric  acid  gas  prepared  ? Explain  its  action  upon  glass. 

8.  How  would  you  test  for  small  quantities  of  a fluoride  P 

9.  Explain  the  action  of  concentrated  sulphuric  acid  upon  a fluoride  containing 

much  Si02. 

10.  How  is  fluorine  detected  in  silicates  decomposable  by  S02Ho2,  containing 

traces  of  a fluoride  ? 

11.  How  can  fluorine  be  detected  in  a mineral  containing  a silicate  which  is 

not  decomposed  by  sulphuric  acid,  some  phosphate,  and  traces  of  a 
fluoride  ? 

12.  How  would  you  prepare  KF,  AmF,  and  liquid  IIF  P 
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II YDR  OF  LUO  SILICIC  ACID,  2HF,SiF4.— Obtained  by  passing  silicic 
fluoride  into  water  and  separating  the  precipitated  silica  by  filtration. 

It  forms  salts,  called  silicofluondes,  or  fluosilicates,  on  acting  PPon  metaUie 
oxides,  hydrates,  or  metals,  such  as  Fe  or  Zn  (these  latter  with  evolution 
of  hydrogen),  of  which  the  potassic  and  banc  silicofluondes  are  the  most 

interesting. 

REACTIONS  IN  THE  KEY  WAY. 

Silicofluondes  are  decomposed  by  heat  into  fluorides,  with  disengagement  of 
silicic  fluoride. 

HE  ACTIONS  IN  THE  WET  WAY. 

A concentbated  solhtion  oe  the  acid  may  be  employed 
On  evaporating  a solution  of  hydrofluosilicio  acid  m a platinum  vessel,  it 
volatilizes,  and  is  decomposed  into  SiF4  and  2HF.  The  acid  ought  not,  tlieie- 

2NaF,SiF4,  BaF2,SiF4  are  difficultly 
soluble  in  water,  and  are  rendered  quite  insoluble  by  the  addition  of  alco  w . 
Most  other  metallic  silicofluondes  are  readily  soluble  in  watei. 

BaX  precipitates  translucent  crystalline  baric  silicofluoride  BaF2  S F 
which  falls  out  very  readily.  The  precipitation  is  complete  on  the  addition  of 
m^cqual  volumeTf  alcohol.  Strontium  is  not  precipitated  from  concentrated 
HfiluHnns  (Distinction  between  babium  and  stboniium.)  , , 

geUtinm,  precipitate  of  Olpolas.le  silicon..., rifle, 

2KF,SiF.,.  „ „ 

On  Si  “u»Zo^Vh  concentrated  .ulplmrie  * 

platinum  crucible,  covered  with  a ivateh-gla..,  tl.c  glssc  become,  co.iodc.l  o 
etched. 

QUESTIONS  AND  ENERGISES. 

1.  How  is  2lIF,SiF4  prepared?  _ n 

themselves  ; 2ndly,  with  concentrated  S02±lo2 t 
i of  oar,,  SiO„  and  SO.Ho.,  arc  reared  for 

the  preparation  of  2HF,SiF4? 


PHOSPHORIC  ACID,  POTIo„.— This  acid  is  never  met  with 

in  the  free  state  in  nature,  but  invariably  in  combination  with 

bases  such  as  CaO,  MgO,  A1203,  FeO,  Fe203,  VbOt  as  lone- 
ash, , ’ sombrerite , coprolite,  apatite,  wagnente,  wavelhte,  viviamte, 

pyromo'iphite,  etc. 

REACTIONS  IN  THE  DRY  WAY. 

Normal  phosphates  of  fixed  bases  are  not  decomposed  upon 
ignition.  Mono^and  di-hydric  normal  phosphates ^ose  water,  an 
are  converted  into  pyro-  and  metaphosphates,  thus . 

(1)  2POHoNao2  = P203Nao4  + OH2. 

v ' Sodic 

' pyrophosphate. 

(2)  POHo2Nao  = P02Nao  + OH2. 

v J Sodic 

metaphosphate. 
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Fusion  with  caustic  or  carbonated  alkalies  converts  pyro-  and 
metapbospbates  into  normal  or  orthophosphates.  Boiling  with  con- 
centrated acids  (NO2H0)  affects  this  conversion  likewise. 

Alkaline  earthy  phosphates  are  only  partially  decomposed  by 
fusion  with  alkaline  carbonates ; most  others,  c.g.,  magnesic,  ferric, 
zincic,  nickelous,  manganous,  cupric  phosphates  are  completely  de- 
composed. The  solution  contains  trisodic  and  tripotassic  phosphates. 
P.,0,A]2ovi  can  only  be  decomposed  by  fusion  with  silicic  anhydride 
or  sodic  silicate  (water-glass)  and  fusion  mixture,*  being  converted 
into  sodic  aluminic  silicate  and  trisodic  phosphate.  (Comp.  p.  46.) 

REACTIONS  IN  THE  WET  WAY. 

We  employ  a solution  of  hybric  disodic  phosphate,  POHoNao2. 

All  phosphates  may  be  divided  into — 

1st.  Phosphates  which  are  soluble  in  water,  comprising  the 
alkaline  phosphates  only  ; their  solutions  react  alkaline  ; 
and 

2nd.  Phosphates  which  are  insoluble  in  water,  but  soluble  in 
mineral  acids  (some  also  in  acetic  acid),  comprising  all 
other  metallic  phosphates. 

The  following  are  some  of  the  more  important  reactions  by 
double  decomposition : — 

BaCl2  yields  a white  precipitate  of  liydric  baric  phosphate, 
POHoBao",  difficultly  soluble  in  ammonic  chloride,  soluble  in  nitric 
or  hydrochloric  acid. 

CaCl2,  or  S02Cao''  produces  a white  precipitate  of  liydric  calcic 
(or  tricalcic)  phosphate,  POHoCao",  readily  soluble  in  mineral  acids, f 
soluble  in  acetic  acid,  after  being  freshly  precipitated,  difficultly 
soluble  in  ammonic  chloride. 

SCbMgo"  (or  better  still  MgCl2)  in  the  presence  of  AmCl  and 
AmHo  produces  a white  crystalline,  quickly  subsiding  precipitate  of 
amnionic  magnesic  phosphate,  POAmoMgo”  + 6 aq.,  insoluble  in 
ammonic  hydrate,  readily  soluble  in  acids,  even  acetic  acid.  A 
highly  dilute  solution  of  sodic  phosphate  is  only  precipitated  after 
some  time.  The  precipitation  is  promoted  by  stirring  and  allowing 
the  liquid  to  stand  in  a warm  place,  when  the  precipitate  is  seen  to 
adhere,  in  the  form  of  white  streaks,  to  those  parts  of  the  glass 
vessel  which  have  been  touched  by  the  glass  rod.  Arsenic  acid 
gives  an  analogous  precipitate. 

This  is  the  most  important  reaction  for  POHo3 ; it  is  almost 
invariably  resorted  to,  both  for  the  recognition  of  magnesia  and 
phosphoric  acid. 

N02Ago  gives  a light  yellow  precipitate  of  triargcntic  phosphate, 
POAgo3,  soluble  in  ammonic  hydrate  and  in  nitric  acid. 

* One  part  of  Si02,  together  with  six  parts  of  fusion  mixture. 

t P202Cao"3  + 4N02Ho  = P202Ho<Cao"  + 2 ^yCao". 

Soluble  tet  rally  cl  ric 

calcic  diphosphate,  roprecipitated  by  AmHo. 
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plumbic  acetate,  produces  a white  precipitate  of 

plumbic  phosphate,  P202PboM3,  readily  soluble  in  nitric  acid,  almost 
insoluble  in  acetic  acid,  as  well  as  amnionic  hydrate.  If  the  pre- 
cipitate is  fused  before  the  blowpipe  on  charcoal,  the  bead  appears 
crystalline  on  cooling ; no  reduction  to  the  metallic  state  takes  place. 

Fe2Cl8  gives  a yellowish-white  gelatinous  precipitate  of  ferric 
phosphate,  P202Fe2ovi,  soluble  in  hydrochloric  acid.  The  ferric  salt 
should  be  added  drop  by  drop,  sufficient  to  just  impart  a red  tinge 
to  the  supernatent  solution,  since  the  precipitate  is  somewhat  soluble 
in  excess  of  ferric  chloride.  Sodic  acetate  must  be  added  to  remove 
the  two  molecules  of  free  hydrochloric  acid  resulting  from  the 
reaction,  which  would  otherwise  dissolve  some  of  the  precipitate. 

When  phosphoric  acid  has  to  be  removed  from  ft  phosphate  dissolved  in 
hydrochloric  acid,  e.g.,  from  the  alkaline  earthy  phosphate,  P202Cao"3,  the  free 
acid  is  nearly  neutralized  with  amnionic  hydrate  or  ammonie  carbonate,  and 
then  sodic  acetato  added,  which,  by  double  decomposition  with  the  Iree  hydro- 
chloric acid,  forms  sodic  chloride  and  free  acetic  acid,  in  which  the  precipitate, 
produced  by  a.  slight  excess  of  ferric  chloride,  is  absolutely  insoluble,  the  mix- 
ture is  heated  to  boiling,  a reddish-brown  precipitate  is  obtained,  which  contains 
the  whole  of  the  phosphoric  acid,  together  with  some  basic  ferric  acetate.  It  must 
bo  filtered  hot,  and  washed  with  hot  water ; the  filtrate  contains  the  alkaline 
earthy  bases  as  chlorides.— (Comp,  also  p.  36  and  37.) 

Small  quantities  of  phosphoric  acid,  in  the  presence  of  large  amounts  of  a 
ferric  salt , such  as  we  meet  with  in  solutions  of  iron  ores,  of  pig  iron,  steel, 
etc  are  best  removed  by  first  reducing  the  ferric  to  ferrous  salt  by  boiling 
with  SOIIoAmo,  neutralizing  with  OONaoj,  and  lastly  with  sodic  acetate  and 
precipitation  with  a few  drops  of  ferric  chloride  (or  by  reoxidizmg  a small  portion 
of  the  ferrous  salt  by  the  addition  of  a little  chlorine  water,  or  a drop  or  two  ot 
bromine).  The  whole  of  the  phosphoric  acid  is  usually  precipitated  in  tins 
manner/  Loss  arising  from  the  solvent  action  of  ferric  acetate  is  avoided,  as 
ferrous  acetate  does  not  dissolve  ferric  phosphate. 

This  method  is  employed  with  advantage  m the  cxamination  of  ron  ores  efc^ 

The  precipitate  is  filtered  hot,  redissolyed  in  dilute  Hffl,  and  the  plmspho 
acid  precipitated  in  the  presence  of  citric  or  tartaric  acid,  AmCl  and  Arallo,  by 
means  of  magnesic  sulphate. 

AsOHo3  exhibits  with  ferric  chloride  a similar  reaction,  and  has, 
therefore,  to  be  separated  from  an  acid  solution,  by  boiling  with 
S Ohio  Amo  and  precipitation  by  a current  of  SR,  gas. 

Small  traces  of  phosphorus  (phosphoric  acid),  usually  found  in .soils, 
iron  ores,  in  pig  iron,  steel,  sheet  copper,  etc.  may  also  be  precipitated 
after  dissolving  the  ore  or  metal  in  hydrochloric  and  nitric  acids, 
whereby  the  phosphorus  is  converted  into  POHo3,  and  after  driving 
off  the  excess  of  acids  by  evaporation  and  taking  up  of  residu 
with  concentrated  nitric  acid,  by  adding  a solution  of  ammonie 
molybdate  and  concentrated  nitric  acid  ; the  silicic  acid  is  ^ated 
by  the  evaporation  to  dryness,  and  arsenic  acid  if  present 
fffist  removed  by  sulphuretted  hydrogen.  On  digesting  the  soluHon 
utu  P-entle  heat  (60° C.)  for  some  time  (hours  if  necessniy),  and 
stirring  with  a glass  rod,  a bright  yellow  precipitate  of  amnionic 

»J  won  O“'o^od  ; we 
know  merely  that  it  contains  molybdic  acid,  ammonia,  and  phos- 
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phoric  acid*  (about  3 per  cent.).  By  washing  the  yellow  precipitate 
with  a solution  of  ammonic  molybdate,  and  lastly  with  a solution  of 
ammonic  nitrate,  and  then  dissolving  it  in  ammonic  hydrate,  filter- 
ing, and  adding  S02Mgo",  AmCi,  and  AmHo,  the  phosphoric  acid  is 
obtained  as  POAmoMgo". 

White  of  egg  (albumen)  is  not  coagulated  by  tribasic  phosphoric  acid,  nor  by 
a solution  of  an  orthophosphate  acidulated  with  acetic  acid. 


PYROPHOSPHORIC  ACID,  P203Ho4. — Pyrophosphates  are  obtained 
by  heating  monohydric  phosphates.  They  are  of  little  importance,  however,  since 
they  are  not  usually  met  with  in  natural  compounds,  and  as  they  are  speedily 
converted,  by  the  action  of  acids  or  alkalies,  into  tribasic  phosphates. 

REACTIONS  IN  THE  WET  WAY. 

We  employ  A solution  of  sodio  pyrophosphate,  P203Nao4. 

Alkaline  pyrophosphates  are  soluble  in  water. 

All  others  are  insoluble  in  water , but  soluble  in  dilute  acids. 

The  presence  of  a soluble  pyrophosphate  is  indicated  on  adding  NO  A go, 
which  gives  a white  precipitate  of  argentic  pyrophosphate,  Po03Ago4, 
soluble  in  nitric  acid  and  ammonic  hydrate. 

Albumen  is  not  coagulated  by  the  free  acid,  nor  by  an  acetic  solution  of  a 
pyrophosphate. 

M02Anio2  (ammonic  molybdate)  does  not  give  a precipitate,  until  by  the 
action  of  mineral  acids  the  pyrophosphate  has  been  converted  into  tribasic  phos- 
phate. 


METAPHOSPHORIC  ACID,  P02Ho,  is  distinguished  from  the  tetra- 
and  tribasic  acid  as  follows 

Albumen  gives  an  abundant  ivhite  precipitate  with  the  free  acid,  and  with 
soluble  metaphosphates,  on  the  addition  of  acetic  acid. 

S02Mgo",  AmCl  and  AmHo  fail  to  precipitate  soluble  metaphosphates. 

N02Ago  produces  a white  precipitate  of  argentic  inctapliosphate. 

In  the  ordinary  course  of  analysis  both  pyro-  and  metaphosphates  are  con- 
verted into  tribasic  phosphates,  and  their  tetrabasic  and  monobasic  nature  is 
lost  sight  of.  They  can,  therefore,  only  he  detected  by  special  experiments. 


PHOSPHOROUS  ACID,  PHo3  (tribasic). — Phosphorous  auhydride  is 
obtained  by  the  slow  oxidation  of  phosphorus  on  exposure  to  dry  air  at  the  ordi- 
nary temperature.  By  combining  with  water  it  forms  a very  weak  acid,  and 
with  hydrated  alkalies  alkaline  phosphites. 

REACTIONS  IN  THE  DRY  WAY. 

Heated  by  themselves  on  platinum  foil,  phosphites  are  decomposed,  burning 
with  a bright  flame.  Heated  in  a retort  they  evolve  hydrogen,  mixed  towards 
the  end  of  the  decomposition  with  PH3,  and  are  converted  into  phosphates. 

REACTIONS  IN  THE  WET  WAY. 

A solution  of  sodic  phosphite,  PHoNao2,  may  be  employed. 

Alkaline  phosphites  are  soluble  in  water. 

All  other  phosphites  are,  for  the  most  part,  difficultly  soluble  or  insoluble  in 
water,  but  soluble  in  acetic  acid  (plumbic  phosphite  excepted).  Phosphites  (as 


* Mo203,  907  P.C. ; P205,  8T  P.C. ; OAm2,  3'6  P.C.,  and  OIL,,  2 6 P.C. 
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Tvell  as  hypophosphites)  are  of  interest  mainly  on  account  of  the  powerful 
reducing  action  which  they  exert  upon  salts  of  various  metallic  oxides,  capable  o 
forming^ lower  oxides,  or  of  being  reduced  to  the  metallic  state,  as  well  as  upon 

‘Mia  p™8 

SO  forms  a phosphate  with  liberation  of  sulphur  and  evolution  of  Sff2. 

decomposition,  the  latter  salt  being  insoluble  m acetic  acid. 

iivpnpnoSPHOnOUS  ACI1I,  POHgHo  (monobasic).— Obtained  by 

J2ZS2*.  or  fcjta*.  or  *««  ”1“‘  P1”^01'” 

and  water.  + 3qHj  + gKHo  = ?POH2Ko  + PHS. 

BEACTIONS  IN  THE  DEY  WAY. 

Hypophosphites  are  decomposed  upon  ignition  into  pyrophosphates  and 
PHa-  4POH2Ko  = P203Ko,  + 2PHS  + 0lI2< 

ekactions  in  the  wet  way. 

^^Nitn^Mid^r'^w&e^waterchanges  them  into  phosphates. 

So  Tin  is  reduced  to  SOHo2,  partly  even  to  sulphur 

In  the  ordinary 

gattolW  by  the  special  reactions  jest  desenbed. 


QUESTIONS  and  exercises. 


1-  f5irtt,,PS“S°Sto^rPOH(,N».  POAmoMgo",  .ad 

3.  Tt 

*■  “ttc^ScaoVrOHoBib  i«  the  wet  »d  d,  way 

l p»“pBte"  “d  1'u»p’”p““ 

according  to  their  solubility  m water.  tlie  alkaline  earthy 

7 Explain  the  solvent  action  of  IIC1  oi  JNU.  I 

8.  «.  - 

3-  Sl*p1.oX™Ui“  "-'t|,llic  °°PP“  (”“f  ammonic  pho.pho-molybdal. P 

between  ‘ "»d 

monobasic  phosphates  ? 
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12.  How  would  you  prove  the  presence  of  magnesic,  as  well  as  of  potassic  phos- 

phates iu  wheat  Hour,  pale  ale,  and  in  cheese  ? ^ 

13.  How  would  you  prepare  POlLIIo  and  (POH2)2Cao  ? 

14.  How  are  calcic  phosphite  and  potassic  hypophosphite  acted  upon  by  heat . 

15.  What  are  the  products  of  oxidation,  obtained  on  burning  PH3  in  air  P 

16.  Explain  the  deoxidizing  action  of  phosphites  and  hypophosphites. 

17.  How  can  potassic  hypophosphite  be  detected  in  the  presence  of  potassic 

phosphite  and  phosphate  P 

18.  How  would  you  prepare  gaseous  3?Hg?  What  is  its  action  upon  solutions 

of  cupric  sulphate  and  argentic  nitrate  ? 

19.  Give  symbolic  and  graphic  formulas  for  gaseous  phosphoretted  hydrogen, 

calcic  hypophosphite,  cupric  phosphide. 

20.  Express  by  a symbolic  equation  the  change  which  POHjHo  undergoes  when 

it  is  acted  upon  by  S02Ho2,  by  S02Cuo",  or  by  AuC13. 

21.  How  would  you  convert  bone-ash  into  a soluble  calcic  phosphate  (into 

P202Ho4Cao" — a constituent  of  calcic  superphosphate)  ? 

22.  5-4  grms.  of  cast  iron  yielded  '046  of  P203Mgo"2 ; what  is  the  percentage  of 

phosphorus  in  the  iron  ? 


SILICIC  ACID,  SiIIo4. — Silicic  anhydride  or  silica,  Si03, 
occurs  in  nature  both,  in  a crystalline  and  amorphous  condition, 
either  in  the  free  or  combined  state.  Quartz  and  rock  crystal  are 
composed  of  almost  pure  crystalline  silica.  Opal,  hyalite,  and  some 
other  minerals  consist  of  amorphous  silica,  and  are  probably  derived 
from  silicic  hydrate  by  a process  of  slow  dehydration.  Other 
silicious  bodies,  such  as  chalcedony,  agate,  flint,  are  principally  com- 
posed of  amorphous  silica,  or  of  a mixture  of  the  two. 

The  compounds  of  silica  with  bases,  especially  with  OK2,  ONa2, 
CaO,  MgO,  A1,03,  FeO,  MnO,  are  exceedingly  numerous,  and  vary 
to  a very  great  extent  in  their  constitution  and  properties. 

REACTIONS  IN  THE  DRY  WAY. 

Both  varieties  of  silica  are  characterised  by  their  infusibility 
when  beated  by  themselves  before  the  blowpipe,  or  in  a bead  of 
microcosmic  salt.  Pure  silica  fuses  with  sodic  carbonate  to  a clear 
glass,  which  remains  transparent  on  cooling.  If  a silicate  be  heated 
in  like  manner  with  microcosmic  salt,  its  base  or  bases  are  dis- 
solved, while  the  silica  is  seen  to  float  about  in  the  liquid  bead  as  a 
silica  skeleton.  Silicates  containing  coloured  oxides  give  rise  to 
opalescent  beads,  in  which  the  Si03  can  be  distinguished  only  with 
difficulty. 

When  silica,  or  a silicate  rich  in  silica,  is  heated  before  the  blow- 
pipe with  sodic  carbonate,  the  Si03  displaces  the  C02,  and  forms  a 
clear  glass  of  sodic  silicate.  The  alkaline  carbonate  should  not  be 
employed  in  excess.  Calcic  and  magnesic  silicates  do  not  dissolve 
to  a clear  bead  as  a rule. 

Beyond  identifying  silica  and  obtaining  a general  knowledge  of 
the  nature  of  any  silicate  under  examination,  respecting  its  fusi- 
bility, state  of  hydration,  etc.,  the  blowpipe  reactions  fail  to  supply 
distinguishing  tests  regarding  the  chemical  composition  of  these 
bodies,  since  a very  large  number  of  silicates  differ  from  each  other 
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merely  in  tlie  relative  proportions  of  tlieir  component  metallic 
elements. 

REACTIONS  IN  THE  WET  WAT. 

All  silicates  may  be  divided  into  . , , • 

1.  Silicates,  which  are  soluble  in  water , including  only  potass 

and  sodic  silicate ; and  . ,, 

2.  Silicates,  insoluble  in  water,  including  all  others  , 

These  latter  silicates  are  either  soluble  m concentiated  liyd 

chloric  or  sulphuric  acid,  or  partly  soluble  and  partly  insoluble,  or 

lastly,  insoluble  in  these  acids.  -i.-) 

All  insoluble  silicates  are  attacked  by  hydrofluouc  acid,  w 
disengagement  of  silicic  fluoride,  or  by  fusion  mixture  (or  caustic 

of  sodic  sUicste  SlNao  wHh 
dilute  hydrochloric  acid,  it  is  decomposed  into  NaCl  and  Sil  4- 
The  latter  remains  either  dissolved  in  the  acid,  or  is  partially  sepa- 
rated as  a flaky  or  gelatinous  mass.  On  evaporating  in  a porcelain 
dish  over  a water-bath,  the  gelatinous  mass  becomes  firmer,  and  can 
totrXnuTto  memls  of  a glass  rod,  into  lumps,  which  speedily 
kse tToir  wScrf  leaving  anlyir^s  silica,  especial*  on  berng 

dntmCI  'or"  COAmo.  precipitates  SiHo.  from  a solution  of  sodic 
silicate.  Salts  %££*?$** ^ 

rca^rorVwisJudiitc  — ^ & 

Clorie  or  nitric  £££,  ^ Z 

properties.  It  is,  tlicici)  , ..ijLeas  wifcp  hydrochloric  acid. 

to  detect  bases,  by  evaporating  y]lt]  hydrochloric  acid,  the 

On  digesting  the  dry  toJepatetedb,  filtration  from 

metallic  oxides  are  delved  and  » b 1 letii  j„ 

the  silicic  anhydride.  blU2,  une 

bases.  rates  are  insoluble  in  water.  Many, 

Mmt rf^  wTu  aTfSl  ttSaTsilieates,  snob  as  slags  from 

fXot^r  o^SSfwben  amorphous  silica 
TSSes,  such  as  kaolin, 

acid,  can  frequently  natural  silicates  yield  more  or 

concentrated  sulphuric ' ™d  > Chloric  acid,  which  silica  may  be 
less  silica,  on  treatment  wi  y ^ decomposable  silicates, 
taken  to  represent  the behind*  in  an  insoluble 
leaving  the  greater  poition  oi 

condition. 
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Silica,  or  silicates  insoluble  in  acids,  are  readily  attached  by 
gaseous  hydrofluoric  acid,  or  by  fluorspar  and  S02Ho2,  gaseous  Si  F t 
being  given  off.  This  method  is  invariably  resorted,  to  whenever 
alkalies  are  present  in  a silicate,  as  e.g.,  in  felspar,  Sii;08Ko2Al2ovl. 
A little  of  the  finely  powdered  silicate  is  moistened  with  strong 
ammonia,  put  into  a platinum  crucible  or  small  platinum  capsule, 
and  exposed  to  the  action  of  gaseous  HF.  This  gas  should  be  gene- 
rated in  a leaden  or  platinum  vessel.  The  platinum  crucible  is  to 
this  end  placed  in  a small  leaden  basin,  which  can  be  closed  with 
a lid  of  the  same  metal.  A layer  of  fluorspar  is  put  at  the  bottom 
of  this  vessel,  mixed  and  covered  with  concenti’ated  sulphuric  acid. 
The  platinum  crucible  rests  on  a leaden  tripod.  The  leaden  vessel 
after  being  covered  and  luted  with  moist  linseed  meal,  is  placed  for 
a day  or  two  in  a warm  place.  The  crucible  is  then  taken  out,  and 
its  contents  cautiously  evaporated  by  applying  a gentle  heat,  as 
shown  in  Fig.  18,  from  the  upper  part  of 
the  crucible  downward,  till  the  whole  of 
the  ammonic  fluoride  has  been  driven  off. 

The  dry  residue  is  dissolved  in  hydro- 
chloric acid,  and  tested  for  bases.  A 
small  residue  is  usually  left,  which  is 
filtered  off  and  treated  once  more  in  the 
same  manner. 

The  same  result  may  be  obtained  more 
expeditiously  by  treating  the  mineral  in 
a platinum  crucible  with  liquid  hydro- 
fluoric acid,  and  evaporating  cautiously 
in  a closet  which  stands  in  connection 
with  the  chimney,  and  which  has  a good 
in-draught  of  air.  The  residue  is  dis- 
solved in  hydrochloric  acid.  Any  inso- 
luble residue  which  may  be  left  is  sepa- 
rated by  filtration  and  treated  again 
with  hydrofluoric  acid.  This  treatment  has  generally  to  be  repeated 
several  times,  before  the  whole  of  the  bases  are  obtained  in  a soluble 
condition. 

Treatment  with  CaF2  and  concentrated  S02Ho2  is  objectionable,  on  account 
of  the  formation  of  insoluble  SOHooCao". 

All  silicates  insoluble  in  water  and  acids,  no  matter  whether  they 
contain  alkali  metals  or  not,  may  be  decomposed  by  fusion  with  alha- 
line  carbonates  (fusion  mixture).  They  are  first  ground  up  very 
finely  in  an  agate  mortar,  then  intimately  mixed  with  three  to  four 
times  their  weight  of  fusion  mixture  and  heated  in  a platinum 
crucible  as  long  as  any  C02  is  given  off.  This  may  be  done  over  a 
good  Bunsen  gas  lamp  or  by  means  of  a Herapath  gas  blowpipe. 
(A  platinum  crucible  can  be  employed  with  safety  only  when  the 
absence  of  easily  reducible  and  fusible  metals  has  been  established 
by  a preliminary  examination  of  the  silicious  substance  in  the  dry 
way.)  The  silica  is  thus  obtained  in  combination  with  the  alkalies 
and  dissolves  in  hot  water,  and  the  bases  (CaO,  MgO,  A1203, 


Fig.  18. 
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Fe.,03,  etc.,  etc.)  are  left  as  insoluble  oxides  or  carbonates,  and 
may  be  separated  by  filtration ; or  tbe  whole  mass  is  at  once  treated 
with  dilute  hydrochloric  acid  and  evaporated  to  dryness.  Silicic 
anhydride  is  left,  and  the  bases  are  removed  as  chlorides  by  filtra- 
tion. It  is  obvious  that  we  must  examine  for  the  alkali  bases  m a 
separate  portion,  by  treatment  with  hydrofluoric  acid.  .... 

Pure  amorphous  silica  dissolves  completely,  when  boiled  m a 
platinum  vessel  with  an  aqueous  solution  of  fixed  caustic  or  car- 
bonated alkalies. 


SiO.,  is  separated  from  TiOo  (titanic  anhydride)  by  fusion  with  SO0H0K0 
in  a platinum  crucible,  and  subsequent  treatment  with  water ; the  SiO,  remains 
undissolved.  The  Ti02  is  precipitated  from  the  acidulated  aqueous  solution  by 
long-continued  boiling. 


QUESTIONS  AND  EXERCISES. 

1.  Give  instances  of  crystalline  and  amorphous  silica. 

2.  Describe  the  reactions  for  Si02  in  the  dry  way. 

8.  Classify  silicates  according  to  their  solubility  in  water  and  acids. 

4.  Explain  the  action  of  HE,  or  of  CaP2  and  concentrated  S02Ho2,  upon 

5.  Describe  how  amorphous  silica  is  obtained  from  SiNao.,,  from  quartz,  or  from 

G.  HowfCwould  you  ascertain  the  presence  of  potassium  £ sodium  in  a siWo 
soluble  in  UC1,  and  in  a silicate,  insolublo  in  HC1,  e.g.,  in  Bohemian 

7.  Whatsis ? the  action  of  caustic  and  carbonated  alkalies  upon  amorphous 

silica? 

8.  How  is  Ti02  separated  from  Si02  t 

9.  IIow  is  silicon  detected  in  pig-iron  ? 


BORIC  ACID,  BHo*  (Orthoboric  acid).— Is  found  in  nature, 
both  combined  and  in  the  free  state. 

REACTIONS  IN  THE  DRY  WAY. 

Most  borates  swell  up  when  heated  by  themselves,  and  fuse  into  a 
transparent  glass  which  dissolves  metallic  oxides,  producing  various 
colours.  The  free  acid  forms  scaly  crystals,  possessing  a peaily 
lmdre  and  feeling  peculiarly  greasy  to  the  touch. 

When  heated  to  100°  C.  the  crystals  lose  water  and  become  cun- 
verted  into  metataic  acid,  BOHo.  This  acid  fnsce  to  a |W«£ 
transparent,  glassy-looking  mass,— home  anhydride,  B203,  which  can 
be  kept  in  a liquid  condition  without  loss  from  volatilisation.  _ 

Admixture  of  S02HoKo  and  a borate,  heated  on  a platinum  wne 
in  a bSwpIpe  flame,  imparts  a green  colour  to  the  flame,  owing  to 

111 6 To  detect1  traces  boric  acid  before  the  blowpipe,  the  borate  is 
powdered  and  mixed  with  SO.HoKo  and  CaF,*  (Comp,  page  131). 
The  mixture  is  made  into  a stiff  paste  with  a few  drops  ol  watci, 

* Three  to  four  parts  of  the  flux  (consisting  of  ono  part  of  powdered  CaF, 
and  four  and  a half  to  five  parts  ol  SOdloKo). 
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and  cautiously  introduced,  on  the  loop  of  a platinum  wire,  into  the 
inner  blowpipe  flame,  when  the  outer  flame  acquires  momentarily  a 
yellowisli-green  tint , owing  to  the  volatilisation  of  boric  fluoride,  B f 3. 
Phosphates  as  well  as  copper  salts,  when  moistened  with  sulphuric 
acid  and  heated  in  the  outer  flame,  give  likewise  a green  tint  to  the 
flame. 

REACTIONS  IN  THE  WET  WAT. 

We  employ  a solution-of  borax,  Bl05"N'ao2. 

The  alkaline  borates  are  soluble  in  water , all  others  are  difficultly 
soluble,  but  none  cure  absolutely  insoluble.  All  borates  dissolve  in  acids 
and  ammonia  chloride. 

The  precipitates  produced  by  double  decomposition  of  a soluble 
alkaline  borate  with  salts  of  the  alkaline  earths,  or  with  plumbic, 
argentic,  mercurous,  or  ferrous  salts,  etc.,  are  white  or  yellowish 
white,  and  are  readily  soluble  in  acids  and  ammonic  chloride. 

The  free  acid  dissolves  in  water  and  alcohol,  and  its  solutions 
impart  to  a Bunsen  gas  flame  a fine  green  colour.  An  alcoholic  solu- 
tion placed  in  a porcelain  dish  burns,  when  ignited,  with  the  same 
characteristic  flame,  and  the  colour  becomes  all  the  more  perceptible 
when  the  burning  alcohol  is  stirred  with  a glass  rod.  It  does  not 
show  in  the  presence  of  alkaline  hydrates  or  carbonates,  or  of  any 
other  base.  The  reaction  is  equally  vitiated  by  the  presence  of  sodic 
or  calcic  chloride,  or  even  by  the  presence  of  small  quantities  of  an 
alkaline  tartrate,  free  tartaric  or  phosphoric  acid  ; but  the  green 
becomes  again  perceptible  on  the  addition  of  a little  concentrated 
sulphuric  acid. 

A green  flame  (of  a somewhat  greenish-blue  tint,  however)  is  obtained  also 
by  heating  many  metallic  chlorides  with  alcohol  and  concentrated  sulphuric  acid 

(owing  to  the  formation  of  ethylic  chloride,  j cll!(Jl)’  a^so  ^7  passing  hydro- 
chloric acid  gas  into  the  flame  of  burning  alcohol. 

Boric  acid,  when  combined  with  bases,  requires  first  to  be 
liberated,  by  the  addition  of  a little  concentrated  sulphuric  acid, 
before  its  alcoholic  solution  can  produce  the  green  flame. 

If  a borate  cannot  be  decomposed  by  sulphuric  acid,  it  is  fused 
with  potassic  hydrate,  and  the  fused  mass  taken  up  with  alcohol. 
On  the  addition  of  concentrated  sulphuric  acid,  the  burning  alcohol 
shows  the  characteristic  green  flame. 

An  aqueous  solution  of  boric  acid  cannot  be  evaporated  without 
loss  of  acid  from  volatilisation. 

An  alcoholic  solution  of  boric  acid  colours  turmeric  paper  reddish 
brown,  especially  on  drying  the  strips  of  paper  in  a warm  place  (a 
water-oven).  This  colour  becomes  more  intense  in  the  presence  of 
hydrochloric  or  sulphuric  acid  (even  in  the  presence  of  nitric  or 
tartaric  acid).  The  colour  produced  by  heating  turmeric  paper 
with  hydrochloric  acid  is  blackish  brown,  and  must  not  be  con- 
founded with  the  colour  produced  by  boric  acid.  The  dried  paper 
acquires  a blackish  tint  when  dipped  into  alkalies. 
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Hydrofluoric  acid  (or  S02Ho2  and  CalA),  decomposes  all  borates,  with  for- 
mation of  volatile  boric  fluoride,  thus  : — 

B405Nao2  + 6CaE2  + 7S02Ho2  = 6SOHo2Cao"  + S02Nao2  + 4BF3  + OH2. 

and  if  the  gaseous  boric  fluoride  be  passed  into  water,  it  forms  a peculiar  acid 
hijdrojluoboric  acid— the  constitution  of  which  is  not  well  understood,  thus 

4BF3  + 30H2  = 3(BF3,HF)  + BHo, 

Hy  dr  o fl  uoboric 
acid.  4 

This  acid  combines  with  bases,  forming  borofluorides  or  Jltioborates,  thus  : 
BF3,HF  + KHo  = BFa.ICF  + OH2. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 


QUESTIONS  AND  EXERCISES. 

How  is  metaborio  acid  obtained  ? 

Explain  the  reactions  in  the  dry  way  for  boric  acid  or  borates. 

Classify  borates  according  to  their  solubility  in  water. 

Explain  the  colour  test  for  boric  acid. 

How  are  borates,  insoluble  in  water,  examined  ? 

Explain  the  action  of  IIF  upon  boric  acid.  . 

State  how  you  would  prepare  argentic  borate,  plumbic  borate,  hydiofluobonc 
acid,  and  potassic  fluoborate. 

Explain  the  action  of  boric  acid  upon  turmeric  paper. 


HYDROCYANIC  ACID  (Prussic  acid),  HCy.— This  acid* 
consists  of  hydrogen  and  the  compound  radical  cyanogen,  Cy,  mole- 
cule | ^ f°rms  with  metallic  oxides  salts,  called  cyanides , 

analogous  in  their  chemical  constitution  to  chlorides,  bromides,  etc. 
Cyanogen  cannot  be  obtained  by  the  direct  combination  of  carbon 
and  nitrogen,  but  an  alkaline  cyanide  results  from  the  action  oi 
caustic  or  carbonated  alkalies  upon  nitrogenous  organic  bodies,  such 
as  fibrin,  albumen,  and  gelatin  at  a high  temperature.  The  best 
known  cyanide,  viz.,  potassic  cyanide,  KUy  unless  specially  purified, 
contains  more  or  less  potassic  cyanate,  CyKo,  and  potassic  car- 
bonate. 

REACTIONS  IN  THE  DRY  WAY. 

KCv  and  NaCy  are  not  decomposed  upon  ignition  in  close 
vessels  as  may  lie  inferred  from  their  mode  of  manufacture ; but 
when  heated  with  free  access  of  air,  they  are  converted  into  cyanates. 
The  same  change  takes  place,  only  more  speedily,  when  potassic 
cyanide  is  heated  with  less  energetic  oxidising  agents,  such  as 
SiiO,  PbO,  CuO,  SnO„  etc.,  when  the  metal  or  a lower  ox.de  is 
“ft  Heated  in  the  presence  of  metallic  sulphides,  it  is  converted 
into  potassic  snlnhocyanate,  CyKs.  Potassic  cyanide  is  on  tins 
account  a most  valuable  deoxidizing  (desulphurizing)  agent,  and  is 
* Tbp  oomnounds  which  the  radicals  cyanogen,  ferro-  and  fern  cyanogen,  etc., 

analyse  cyanogen  compounds. 
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employed  in  blowpipe  reactions,  whenever  a metallic  oxide  (or  sul- 
phide) has  to  be  reduced  to  the  metallic  state.  Cyanides  of  the 
heavy  metals  undergo  decomposition  upon  ignition;  some  (e.y the 
cyanides  of  the  noble  metals)  break  up  into  metal  and  cyanogen 
gas  ; others  into  a metallic  carbide  and  nitrogen  ( e.g .,  the  cyanides 
of  iron)  ; others  again  (such  as  AgCy,  HgCy2,  CuCy2,  ZnCy2) 
yield  cyanogen  gas,  metallic  silver,  mercury,  etc.,  and  paracyanogen, 
— a brownish-black  substance,  which  is  isomeric  with  cyanogen, 
and  which  is  usually  expressed  by  the  symbol,  Cyn. 

This  deportment  of  solid  cyanides  furnishes  us  with  ready  means 
of  preparing  cyanogen  gas,  either  by  igniting  dry  HgCy2,  or  AgCy ; 
or  by  heating  two  parts  of  dry  yellow  prussiate  of  potash,  or  commer- 
cial potassic  ferrocyanide,  K^FeCye,  with  three  parts  by  weight  of  dry 
HgCl2. 

Cyanogen  is  a colourless  gas,  of  peculiar  odour,  burning  with  a 
beautiful  purple  or  peach-blossom  coloured  flame,  and  yielding  C03 
and  N”.  The  gas  is  nearly  twice  as  heavy  as  air  (sp.  gr.  T8),  and 
since  water  dissolves  about  four  times  its  own  volume  it  must  be 
collected  over  mercury,  or  by  downward  displacement.  It  is  one  of 
the  few  gases  which  condense  at  a moderate  pressure  (3  6 atmo- 
spheres) . 

REACTIONS  IN  THE  WET  WAT. 

The  cyanides  of  the  alkali  metals  and  alkaline  earthy  metals 
are  soluble  in  water,  the  former  readily,  the  latter  with  difficulty. 
The  cyanides  of  the  heavy  metals  are  Insoluble  in  water,  with  the 
exception  of  HgCy2 ; but  are  for  the  most  part-  soluble  in  a solution 
of  potassic  cyanide,  forming  soluble  double  cyanides,  which  are  fre- 
quently crystalline,  and  which  upon  ignition  are  decomposed  like 
single  cyanides,  i.e.,  the  cyanide  of  the  heavy  metal  breaks  up  into 
metal  and  cyanogen,  or  metal,  carbon  (carbide  P)  and  nitrogen, 
whilst  the  alkaline  cyanide  is  not  decomposed,  and  can  be  dissolved 
out  from  the  residue. 

The  following  is  a list  of  some  of  the  more  important  single 
cyanides,  i.e.,  cyanides  which  contain  only  one  metal : — 


Potassic  cyanide,  soluble  in  water 
Sodic 


Baric 

Zincic 

Cadmio 

Nickelous 

Cobaltous 

Ferrous 

Cuprous 

Mercuric 

Argentic 


difficultly  soluble  in 
insoluble  in  water 


soluble  in  water 
insoluble  in  water 


water 


KCy 

NaCy 

BaCy2 

ZnCy2 

CdCy3 

NiCy2 

CoCy2 

FeCy2 

,Cu'2Cy2 

HgCy2 

AgCy. 


Some  of  these  single  cyanides  are  readily  decomposed  by  acids, 
with  evolution  of  hydrocyanic  acid  ; others,  especially  the  cyanides 
of  iron,  cobalt,  and  the  noble  metals  (Au,Pt),  may  be  boiled  with 
moderately  strong  acids,  without  decomposition. 


i, 
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Tlie  action  of  dilute  acids  upon  double  cyanides  shows  clearly 
the  existence  of  two  distinct  classes  of  double  cyanides  viz. 

1st  Double  cyanides  which  are  readily  decomposable,  giving  off 
hydrocyanic  acid,  when  heated  with  dilute  mineral  acids.  They  pos- 
sess an  alkaline  reaction.  Their  alkaline  cyanide  is  decomposed  by 
dilute  mineral  acids  into  HCy  and  a salt  of  the  alkali _ metaU  and 
into  a cyanide  of  the  heavy  metal,  which  remains  in  comWtion 
with  the  liberated  HCy  ; or  the  latter  is  evolved  and  the  metalhc 
cyanide  is  precipitated ; or  both  cyanides  are  decomposed,  and  the 
whole  of  the  HCy  is  liberated,  e.g. : — 

(1)  KAgCy2  + N02Ho  = AgCy  + HCy  + N02Ko.. 

Precipitated. 

(2)  K2Zn''Cy4  + 4HC1  = ZnCl2  + 2KC1  + 4HCy. 

2nd.  Double  cy amides  which  possess  a neutral  reaction  ancl  give  o ff 
no  hvdrocuanic  acid,  when  treated  with  dilute  hydrochloric  acid  the 
negative  element  of  the  acid  forming  a salt  with  the 

the  hydrogen  or  positive  element,  by  uniting  with  the  remaining 
elements,  forms  a new  acid  of  a more  complex  natuie,  thus  . 

K4FeCy0  + 4HC1  = H4FeCy0  + 4KC1. 

Hydroferrooyanic 

acid. 

K„Fe2Cyi2  + 6HC1  = H0Fe2Cy12  + 61CC1. 

Hydrofevricyanie 

acid. 

K„Co2Cy12  + 6I1C1  = Il„Co2Cy12  + CKC1. 

Hydro  cob  alfcioyanic 

acid. 

mi  _ as  well  as  easily  decomposable  double  cyanides,  which 

yiei»^^ 

moreover  remarkable  tor  tneir nig  y P non- decomposable 

fXn£^ 

23  all  these  complex 

decomposable  and  non-decomposable-may  htaw.se 

double  cyanides.  „ , rp  interesting  double 

The  following  list*  contos  some  of  the  more  mwr  = 

b;:~,ced  — *. 

cyanogen  and  the  metal . 

Dipotassie  ziucic  tetracyamde  KoCd.Cyt 

» cad“lc  ” KoNi,Cy4. 

„ nickelous  „ ..... ___ 

# Kekule,  Lehrbucli  der  organisolien  Cliemie,  I,  P-  314. 
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Potassic  argentio  dicyanide KAg,Cy2. 

„ aurous  „ KAu',Cy2. 

„ auric  tetraeyanide KAu'",Cy4. 

Dipotassic  cuprous  tetraeyanide K2/Ou'2lCy4. 

„ platinous  ,,  K2Pt",Cy4. 

Tetrapotassic  diplatinic  decacyanide Kj/Pt/'LCyio. 

„ ferrous  hexacyanide  (potassic 

ferrocyanide,  yellow  prussiate)  K4,FeCy6. 

Hexapotassic  diferric  dodecacyanide  (potassic 

ferricyanide,  red  prussiate) K6,Fe2Cy12. 

Hexapotassic  dieobaltic  dodecacyanide  (potas- 
sic cobalticyanide) K6,Co2Cy12. 

Hexapotassic  dichromic  dodecacyanide K6,Cr2Cyi2. 

„ dimanganic  „ K6Mn2,C12. 


If  we  take,  however,  into  account  the  different  deportment  of 
these  double  cyanides  with  dilute  acids  and  with  ferroso -ferric  salts, 
with  which  the  easily  decomposable  double  cyanides  give,  from  an 
acid  solution,  a precipitate  of  Prussian  blue,  whilst  the  others — the 
difficultly  decomposable  double  cyanides — yield  no  hydrocyanic  acid, 
when  treated  with  dilute  acids,  and  produce  (with  the  exception  of 
the  ferro-  and  ferricyanogen  compounds),  no  precipitate  of  Prussian 
blue  with  ferroso-ferric  salts  and  hydrochloric  acid,  it  becomes 
evident  that  the  complex  groups  of  elements , ferrocyanogen,  PeCy6, 
ferricyanogen,  Fe2Cy12,  cobalticyanogen.  Co2Cy12,  etc.,  which  behave 
like  cyanogen  (itself  a complex  group  of  two  elements,  of  carbon  and 
nitrogen,  or  a compound  radical)  may  likewise  be  viewed  as  compound 
radicals*  if  by  this  term  we  denote  a group  of  common  and  constant 
constituents  found  in  a whole  series  of  compounds,  and  capable  of 
replacing  multiples  of  Cl,  Br,  etc.,  in  constant  atomic  proportions. 

We  are  able,  for  instance,  to  produce  by  double  decomposition, 
precipitates  with  soluble  salts  of  almost  all  the  heavy  metals  in 
which  the  potassium — or  positive  radical — is  either  entirely  or 
partially  exchanged  for  an  equivalent  quantity  of  a heavy  metal, 
whilst  the  negative  group  of  elements  remains  unaltered,  thus : — 


KiFeCy6  + S02Cuo"  = K2Cu"FeCy6  + S02Ko3,  or 
K4FeCy6  + 2S02Cuo"  = Cu''2FeCy6  + 2S02Ko2. 


On  the  addition  of  an  alkaline  hydrate  or  carbonate,  the  whole  of 
the  heavy  metal  is  removed  as  hydrate,  with  formation  of  potassic 
ferrocyanide. 

. Easily  decomposable  soluble  double  cyanides  give  likewise  preci- 
pitates with  solutions  of  heavy  metals,  e.g., 

2KAgCy2  + S02Zno"  = Zn''Ag2Cy4  -f  S02Ko2; 

Precipitated. 

but  there  is  no  evidence  to  show  whether  these  precipitates  are  real 

* Compound  bodies,  containing  the  complex  radicals  ferro-,  ferri-  etc 
cyanogen  are  viewed  here  as  molecular  compounds,  and  no  constitutional  formula’ 
have  been  attempted  although  it  would  not  be  difficult  to  assign  such  formula 
to  them,  if  the  functions  which  the  carbon  and  nitrogen  atoms  play  in  tlieso 
compounds  were  sufficiently  established.  B y m tneso 

L 2 
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compounds  or  only  mixtures  of  two  insoluble  cyanides  ; nor  is  there 
any  proof  that  alkaline  hydrates  reproduce  the  original  double  cya- 
nide*^ Dilute  sulphuric  acid  decomposes  ZnCy2  in  the  above  prem- 
, * p,-  iinino'  ipff  Viehind  • iust  as  if  no  connection  had  ap- 

P1arttly 1 cyanides  Alkaline  hydrates  or 
carbonates  are  without  action  upon  easily  decomposable  cyanides. 

A few  are  decomposed  by  sulphuretted  hydrogen  e.?  K.CdC^ 
rr  TT0.fv  KAo-Cw.  with  precipitation  of  a metallic  sulphide  , m 

Sf  luch  £hIcy.,PKAcy,  X*.0r.  and 

metal  is  only  partially  precipitated  as  sulphide,  whilst  Kike  Gyc 

S*  easily  decomposable  and 

difficultly  decomposable  double  cyanides  (ferro-,  fern-,  cobalti-,  and 
difficultly  aecompos  j their  chemical  structure  and 

of  stability  which  they  exhibit,  varying 

with  the  individual  nature  of  the  metal  which  they  contain. 

Wo  emnlov  A SOLUTION  OF  POTASSIC  CYANIDE,  KCy. 

toguishTfrom  the  latter,  or  to  detect  hydrocyanic  aerd  u.  the 
PrTo1gnitint’artwure  of  AgCl  and  AgCy,  whh*  taVbeen 

entirely  ? reed  "front  argentic  nitrate  “d  ptr^ 

AgCy  is  dc““P°“d the 'o thTbafd  fnses  without  decomposition, 
cyanogen.  AgGl,  on  the  otter  Dana  ius  precipitate 

cyanide.  (Distinction  between  cyanide  with  evolution 

Dilute  mineral  acids  decompose  potassic  cyaiuuc 

of  h“6  On  decomposing,  dish^and°^invSing 

dilute  sulphuric  acid  m _ 1 ^ twQ  of  yellow  ammomc 

another  small  dnh  eontai  g d P Acting  upon  the 

amnionic  Wte,  CyAms,  and 

AmHs,  thus : 

SoAm2  + HCy  = CyAms  + AmHs, 

which  gives,  on  acidulating  with  hydrochloric  acid,  a characteristic 

£££?' 

cyanic  acid,  atswell  as  foi  so  v e SOHo2  has  been  added,  gives 
with  icyUOa'’iT  ^e|ita^  of  cuprous  cyanide,  'Cu'2Cy2,  soluble 
in  potassic  cyanide  (K2  Gu  AyD- 

# HgCyo  is  not  precipitated  by  argentic  nitrate. 
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N ,04Hg>o"  gives  a grey  precipitate  of  metallic  mercury,  whilst 
HgCy2  remains  in  solution,  thus  : — 

'Hg'2Cy2  = Hg  + HgCy2. 

Iron  salts  are  among  the  most  delicate  reagents  for  hydrocyanic 
acid,  or  for  soluble  cyanides,  on  account  of  their  tendency,  especially 
in  the  presence  of  potassic  hydrate,  to  form  difficultly  decomposable 
double  cyanides  (containing  the  compound  acid  radicals  ferro-  and 
ferri- cyanogen),  which  are  of  a characteristic  blue  colour.  (Hence 
the  name  cyanogen,  from  Kvavos,  blue,  and  yeuvnu,  I generate.)  The 
solution  containing  hydrocyanic  acid,  or  a soluble  cyanide,  is  first 
treated  with  a little  potassic  hydrate,  then  with  a mixture  of  a ferrous 
and  ferric  salt  (obtained  by  exposing  a solution  of  ferrous  sulphate 
for  some  time  to  the  air)  and  heated.  On  the  addition  of  dilute 
hydrochloric  acid,  in  order  to  dissolve  the  ferrous  and  ferric  hydrates, 
which  are  likewise  precipitated  by  potassic  hydrate,  a fine  blue  pre- 
cipitate of  Prussian  blue  is  obtained.  The  changes  may  be  expressed 
by  the  equations — 

(1)  KHo  + HCy  = KCy  + OH2. 

(2)  S02Feo”  + 2KCy  = Fe"Cy2*  + S02Ko2. 

FeCy2,  by  combining  with  4KCy,  forms  the  soluble  double 
cyanide  K4FeCy6. 

(3)  2S306Fe2ovl  + SKJFeCy,  = 3Fe"Cy2,2'Fe,,,20y6  + 6S02Ko2. 

Free  hydrocyanic  acid  dissolves  mercuric  oxide,  with  formation 
of  mercuric  cyanide,  which  is  not  precipitated  by  alkalies. 

The  alkali  salts  of  the  compound  cyanogen  radicals,  FeCys, 
Fe2CyJ2,  Co2Cyi2,  are  decomposed  by  moderately  concentrated  sul- 
phuric acid  with  evolution  of  hydrocyanic  acid. 

This  furnishes  us  with  a convenient  method  for  preparing  hydrocyanic  acid. 
Ten  parts  by  weight  of  K4FeCy6  (yellow  prussiate  of  potash)  are  distilled  in  a 
flask  or  retort  with  36  to  40  parts  of  dilute  sulphuric  acid  (one  of  acid  to  six  of 
water).  The  flask  or  retort  is  connected  with  a Liebig’s  condenser  and  double- 
necked receiver  from  which  any  uncondensed  gas  can  be  carried  under  a Bunsen 
lamp,  and  burnt.  Every  joint  should  be  made  perfectly  tight,  and  the  con- 
denser-tube should  dip  into  the  water  placed  in  the  receiver.  The  reaction  takes 
place  according  to  the  equation  : — 

2K.1FeCy6  + 3S02Ho2  — 6HCy  + E2Fe//FeCy6  + 3S02Ko2. 

White  residue 
turning  blue  by  exposure 
to  the  atmosphere. 

Hydrocyanic  acid  is  exceedingly  poisonous.  Small  quantities  of 
the  gaseous  acid,  when  inhaled,  cause  a peculiar  sensation  in  the 
throat  and  are  followed  by  headache,  giddiness,  and  other  disagree- 
able symptoms.  Great  care  must  therefore  be  taken  in  operating 

* FeCy2  is  difficultly  obtained  in  an  isolated  condition,  as  it  forms  in  the 
presence  of  KCy,  potassic  ferrocyanide,  K.jFeCyo,  containing  the  compound 
cyanogen  radical  FeCy6,  which  in  its  turn  reacts  upon  the  ferric  salt. 
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with  HCy,  as  for  instance,  on  pouring  it  from  one  vessel  to  another, 
or  ■with  cyanogen  compounds  generally,  and  for  the  purposes  of 
analysis  small  quantities  only  should  he  operated  upon  at  a time. 


HYDROFERROCYANIC  ACID,  H4FeCy6.— This  acid  is 
tetrabasic,  i.e.,  its  four  hydrogen  atoms  can  he  replaced  hy  four 
atoms  of  a monad  or  two  atoms  of  a dyad  metal.  The  potassium 
salt  is  prepared  on  a manufacturing  scale  by  introducing  nitrogenous 
animal  substances  (horn-shavings,  etc.)  aud  iron  into  fused  wood- 
ashes.  The  fused  mass  is  lixiviated  with  water  and  the  salt  allowed 
to  crystallise  out.  It  may  also  be  prepared  by  decomposing  Prussian 
blue  with  Kilo  or  COKo2  and  separating  the  mrric  hydiate  by 
filtration,  thus  : — 


3Fe''Cy2,2'Fe/"2Cy0  -1-  12KIlo  = 3K4FeCy8  + 2Fe2Ho6. 

Potassic  ferrocyanide,  K4FeCyo  + 3Aq,  crystallises  in  large 
lemon-yellow  crystals;  lienee  its  name  yellow  prussiate  of  potash, 
Its  positive  element  (potassium)  can,  by  double  decomposition, 
be  replaced  by  other  metals,  either  entirely  or  partially,  and  the 
property  of  cyanogen  to  form  double  cyanides  is  well  illustrated 
by  the  deportment  of  the  more  complex  ferrocyanides.  This  will 
bo  seen  from  the  following  list  of  some  of  the  more  common 
ferrocyanides  : — 


K4FeCyG  + 3Aq. 
Na4FeCyG  + 6Aq. 
Am4FoCy0  + 3Aq. 
Ba"jF  oCY,;  + 6Aq. 
K2Ba"FeCy8  + 3Aq. 

Ca"2FeCyG  + 12Aq. 


K2Ca"FeCyG  + 3Aq. 
CiuFeCy,.,  + 4Aq. 
K„Cu"FeCyG  + 2Aq. 
KoFe"FeCyc. 
NaEaFeCyo  + 3Aq. 
AmK3FeUyG  + 3Aq. 


REACTIONS  IN  THE  DRY  WAY. 

K4FeCyG  fuses,  when  strongly  ignited,  and  breaks  up  into  nitro- 
gen, potassic  cyanide,  and  carbide  of  iron,  or  a mixture  of  carbon 
and  iron,  thus  : — 

K4FeCyc  = 4KCy  + C2Fe  + N2. 

Heated  with  free  access  of  air,  or  in  contact  with  metallic  oxides, 
the  KCy  is  further  converted  into  potassic  cyanate,  CyKo. 

REACTIONS  IN  THE  WET  WAY. 

We  employ  A SOLUTION  OF  POTASSIC  FERROCYANIDE. 

The  alkaline  ferrocyanides  are  readily  soluble  m water,  the  alkaline 
earthy  ferrocyanides  are  difficultly  soluble;  those  of  iron  and  most 
other  metals  are  insoluble  in  water,  and  many  of  them  also  ™solubkin 
acids.  They  are  decomposed  on  boiling  with  potassic  hydrate  \ ■ 

formation  of  a solution  of  potassic  ferrocyanide,  and  an  ^soluble 
metallic  hydrate.  Some  ferrocyanides  are  remarkable  for  their 
characteristic  colour,  notably  so  those  of  iron  and  copper , others 
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are  white,  e.q.,  those  of  the  alkaline  earthy  metals,  of  Zn,  Pb,  Ag, 
H0- ; greenish  white,  e.g.,  Ni"2FeCy6,  Co"2FeCy6 ; reddish  white,  e g., 
Mn"2FeCy6.  Potassic  ferrocyanide  is  employed,  on  this  account,  as 
a useful  reagent  in  the  qualitative  examination  of  metals,  especially 
of  iron  and  copper. 

NOjAo-o  produces  a white  precipitate  of  argentic  ferrocyanirtc, 
Ag4FeCy6,°  insoluble  in  dilute  nitric  acid  and  ammonic  hydrate, 

soluble  in  potassic  cyanide.  _ , 

S02Cuo",  added  in  excess,  gives  with  a solution  of  K4beLy6  a red 
(chocolate-coloured)  precipitate  of  dicupric  ferrocyanide,  Cu"2FeCy6, 
whilst  an  insufficient  amount  of  the  cupric  salt  gives  a brown  pre- 
cipitate of  dipotassic  cupric  ferrocyaniiic,  K2Cu  FeCy6. 

S02Feo"  gives  a light  blue  precipitate  of  dipotassic  ferrous  ferro- 
cyanide, K2Fe"FeCy6,  thus  : — 

K4FeCy6  + S02Feo"  = K2Fe"FeCy6  + S02Ko2, 


which  is  slowly  oxidized  by  exposure  to  the  air,  or  rapidly,  by 
oxidizing  agents,  such  as  nitric  acid,  or  chlorine  water : a part  of 
the  potassium  being  removed  as  oxide,  or  chloride,  thus : — 


2Fe''K2FeCy6  + Cl2  = Fe"2K2Fe2Cy12  + 2KC1, 

Light  blue  Diferrous  dipotassic 

precipitate.  ferricyanide. 


or  potassic  ferricyanide  in  which  four  atoms  of  potassium  have  been 
replaced  by  two  atoms  of  dyad  iron. 

Potassic  ferrocyanide  is,  in  fact,  readily  converted  into  potassic 
ferricyanide,  K6Fe2Cyi2  (analogous  to  the  conversion  of  ferrous  salts 
into  ferric  salts),  by  various  oxidizing  agents,  such  as  chlorine, 
nitric  acid,  potassic  chlorate  and  hydrochloric  acid,  etc. 

Fe2Cl6  gives  an  intensely  blue  precipitate  of  3Fe/,Cy2,  2/Fe///2Cy6, 
called  Prussian  blue,  thus  : — 


3K4FeCy6  + Fe2Cl6  = 3Fe"Cy2,2'Fe"'2Cy6  + 12KC1, 


which  constitutes  at  once  a most  characteristic  and  delicate  reaction 
for  ferric  salts  and  for  ferrocyanogen,  (as  well  as  for  cyanogen,  as 
has  been  already  shown).  This  precipitate  is  insoluble  in  dilute 
mineral  acids,  but  dissolves  in  oxalic  acid  to  a blue  liquid  (blue  ink), 
and  in  ammonic  tartrate  to  a violet  liquid.  It  is  decomposed  by 
alkalies.  On  boiling  with  mercuric  oxide,  Prussian  blue  is  entirely 
decomposed  into  Hg0y2  and  ferrous  and  ferric  oxides,  thus : — 


3Fe''Cy2,2'Fe"'2Cy6  + 9HgO  = 9HgCy2  + 3FeO  + 2Fe203. 


By  adding  an  insufficient  amount  of  Fe2Cl6  to  a solution  of  K ,FcCyfi)  a blue 
precipitate  is  likewise  obtained  which  is,  however,  soluble  in  water,  and  is  there- 
fore called  soluble  Prussian  blue  (used  for  inks).  It  is  generally  thought  to  be 
composed  of  one  part  of  Prussian  blue  and  one  of  potassic  ferrocyanide. 

Concentrated  sulphuric  acid  (about  10  parts  by  weight)  decom- 
poses potassic  ferrocyanide  (1  part  by  weight  of  the  dry  salt)  with 
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evolution  of  carbonic  oxide  (method  fob  preparing  carbonic  oxide)  ; 
tbe  nitrogen  of  the  cyanogen,  being  converted  into  ammonia,  is  left 
as  ammonic  sulphate,  thus  : — 

E^FeCye  + 6S02Ho2  + 60ET2  = 6CO  + 2S02Ko2  + S02Feo" 

+ 3S02Amo2. 

When  concentrated  hydrochloric  acid  is  added  to  an  alkaline 
ferrocyanide,  hydroferrocyanic  acid  separates,  in  the  cold,  as  a white 
crystalline  powder,  which  turns  rapidly  blue.  If  ether  be  added  to 
the  solution  of  potassic  ferrocyanide,  previous  to  its  precipitation 
with  concentrated  hydrochloric  acid,  the  acid  is  obtained  quite 
colourless. 


HYDROFERRICYANIC  ACID,  HGFe2Cy12.— This  acid  is 
hexabasic,  since  its  six  atoms  of  hydrogen  may  be  replaced  by  six 
atoms  of  a monad  metal,  or  by  three  atoms  of  a dyad  metal. 
Potassic  ferricyanide  is  derived  from  K4FeCyG  by  a process  of  oxida- 
tion, as,  for  instance,  by  passing  chlorine  into  an  aqueous  solution  of 
it,  till  a solution  of  ferric  chloride  produces  no  longer  a blue  precipi- 
tate, but  imparts  merely  a brown  coloration  to  the  liquid.  The 
change  is  expressed  by  the  equation : — 

2K4FeCy8  + Cl2  = K0Fe2Cy12  + 2KC1. 

It  is  effected  by  the  abstraction  of  two  atoms  of  the  metal  potassium 
from  two  parts  of  KiFeCyo.  Two  atoms  of  cyanogen  are  transferred 
to  two  molecules  of  FeCy2,  whereby  the  ferrous  cyanide  is  converted 
into  ferric  cyanide. 

It  is  also  called  red  prussiate  of  potash,  on  account  of  the  dark 
red  coloured  crystals,  which  can  be  separated  from  potassic  chloride 
by  crystallisation. 

Reducing  agents  convert  it  into  potassic  ferrocyanide,  especially 
in  alkaline  solutions.  The  transformation  is  effected  by  the  addition 
of  two  atoms  of  the  metal  potassium.  The  ferric  cyanide  in  the 
double  cyanide  is  reduced  to  ferrous  cyanide,  thus : — 

6KCy/Fe///2Cy0  + K2  = 8KCy,2Fe"Cy2,  or  2(4-KCy,FeCy2) 

= 2K4FeCyG. 


The  following  are  instances  of  indirect  oxidation  effected 
potassic  ferricyanide : — 

SH.,  converts  the  ferri-  into  a ferrocyanide,  with  separation  of  sulphur, 
j _ with  precipitation  ot  iodine, 

Cr.j03,  or  its  salts,  in  the  presence  of  Kilo,  is  converted  into  Cr03, 


by 


PbO 
MnO 
SnO 
fCOHo 
\ COHo 
KCy 

p2o3 

BOj 


Pb02, 

Mn02, 

Sn02, 

COj, 

CyKo, 

PA> 

so3. 
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NH3  gives  with  KGEe3Oy12  potassic  and  ammonic  ferrocyanides 
with  evolution  of  nitrogen  gas,  thus  : 

6K6Fe2Cy12  + 16NHS  = 9K4FeCy6  + 3Am4FeCy6  + N*. 

Many  organic  substances,  e.g.,  sugar,  dextrine,  starch,  alcohol, 
and  even  paper,  are  oxidized,  in  the  presence  of  an  alkali,  to  C02 
and  OHj.  Indigo  is  bleached.  Phosphorus,  sulphur,  and  iodine 
are  converted  by  the  action  of  KeFcoCy^,  in  the  presence  of  alkalies, 

f OI 

into  POH03,  S02Ho2,  < qjjo  . 

Analogous  to  potassic  ferrocyanide,  ferricyanogen  forms  double 
ferricyanides , by  the  partial  or  entire  replacement  of  the  six  atoms  of 
the  positive  element,  potassium,  by  different  metals.  The  following 
are  some  of  the  more  important  metallic  ferricyanides  : — 

K6Fe2Cy,,  Ba"2K,Fe2Cy12  + 3Aq. 

Na6Fe2Cyi2  + Aq.  Fe"3Fe2Cyi2  (Turnbull’s  blue). 

Ca' 3Fe2Cyi2  + 6Aq_. 

REACTIONS  IN  THE  DRY  WAY. 

Potassic  ferricyanide  is  decomposed  upon  ignition,  yielding 
cyanogen  and  nitrogen,  and  leaving  a residue,  consisting  of  potassic 
cyanide,  potassic  ferrocyanide,  Prussian  blue,  paracyanogen,  carbon 
and  iron. 

REACTIONS  IN  THE  WET  WAT. 

We  employ  a solution  op  potassic  ferricyanide. 

The  alkaline  ferricyanides  are  readily  soluble  in  water.  The  others 
are  mostly  insoluble, 

N02Ago  produces  an  orange  coloured  precipitate  of  argentic  ferri- 
cyanide, Ag6Fe2Cyi2,  insoluble  in  dilute  nitric  acid,  but  readily 
soluble  in  ammonic  hydrate,  and  potassic  cyanide. 

SChFeo"  gives  a blue  precipitate  ( Turnbull’s  blue ) of  Fe”3Fe2Cyi2, 
triferrous  ferricyanide,  which  is  decomposed  by  potassic  hydrate  into 
potassic  ferrocyanide  and  ferroso-  ferric  hydrate  : — 

Fe"3Fe2Cy12  + 8KH0  = 2K4FeCy6  + Fe304,40H2. 

Fe2Cl6  produces  no  precipitate,  but  gives  a brownish  coloration. 
The  deportment  of  potassic  ferro  - and  ferricyanide  ivith  iron  salts 
enables  us  to  distinguish  between  ferrous  and  ferric  salts. 


IIYD  RO  COB  AI.TI  CYANIC  ACIII,  Hfi,Co'"2Cyl2. — Solutions  of  cobal- 
tous  salts  are  precipitated  by  KCy.  The  precipitate  consists  of  flesh-coloured  or 
cinnamon-brown  cobaltous  cyanide,  CoOy2.  Excess  of  potassic  cyanide  dissolves 
the  precipitate,  forming  a readily  decomposable  double  cyanide,  which,  on 
boiling,  or  on  the  addition  of  HC1,  is  converted  into  a difficultly  decomposable 
double  cyanide,  analogous  to  potassic  ferricyanide,  with  evolution  of  hydrogen, 
thus : — 

2(4KCy,CoCy2)  + 20H2  = K0Co2Cy12  + 2KHo  + H2. 

Potassic  oobalti- 
cyanide. 
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This  double  cyanide  is  of  great  interest,  because  it  enables  us  to  separate 
cobalt  from  nickel,  both  qualitatively  and  quantitatively. 


CYANIC  ACID,  CyHo— Obtained  in  the  form  of  potassic  cyanate  by  the 
oxidation  of  KCv  or  K,FeCy6.  This  salt  is  very  stable  when  heated  by  itself, 
but  debquesces  in  the  air,  and  is  broken  up  by  water  into  an  acid  carbonate  and 

ammonia,  thus  : — 

CyKo  + 20H2  = COHoKo  + NH3. 

Potassic  cyanate  is  invariably  found  in  commercial  potassic  cyanide,  sometimes 
to  a considerable  extent. 

REACTIONS  IN  THE  DRY  WAY. 

It  acts  as  a flux  in  blowpipe  reactions,  and  is  a powerful  oxidizing  agent. 
When  he  de  l w b charcoal,  it  is  converted  into  KCy,  CO,  and  CO,.  On  beating 
therefore,  a metallic  oxide  on  charcoal,  with  KCy  containing  CyKo,  the  oxide  is 
reduced  to  tlio  metallic  state. 

REACTIONS  IN  THE  WET  WAY. 

The  ouanates  of  the  alkalies,  alkaline  earths,  and  a few  metallic oxides are 
soluble  in  water,  but  decompose  rapidly  with  evolution  of  ammonia.  N02Ago  1 * 

duces  with  potassic  cyanate  a white  precipitate  of  argentic 
soluble  in  amnionic  hydrate,  and  in  dilute  nitric  acid ; AgCy  is  insoluble  m 

aCi<Moderatolv  concentrated  sulphuric  or  hydrochloric  acid  decomposes  CyKo 

acet  ic  acid ; the  greater  portion  of  the  liberated  acid  is,  however,  decomposed  at 
once  by  water  into  C02,  and  an  amnionic  salt,  thus:— 

2CyKo  + 2S02Ho2  + 20H2  = 2C02  + S02Ko2  + S02Amo2, 
and  it  is  by  testing  for  ammonia,  by  means  of  caustic  lime,  that  its  presence  can 
be  bIiowu. 


«itii»HOCYANIC  ACID,  OyHs.— Obtained  in  combination  with  potas- 
sium bv  heating  KCy  with  sulphur  or  a metallic  sulphide.  Hence  the  usefulnes 
of  Totaiic  cyanide  for  reducing  metallic  sulphides  in  blowpipe  reactions. 

REACTIONS  in  the  dry  way. 

n TYa  (.mi  be  fused  out  of  contact  with  the  air,  without  undergoing  decom- 
CyKs  ^n  bQ  S^  ou  and  lastly  indigo  blue,  but  becomes 

position.  It  turns  in  sc  010  , 6 CyKs  is  converted  into 

■■  — * 

metallic  sulphide  is  left : 


4y,yCus" 

Cy 


:N2  + 3 


{ 


CN 

CN 


+ 2CS2  + 4CuS. 


REACTIONS  IN  THE  WET  WAY. 

We  employ  a .solution  of sulphocyanatc, 
N02Ago  produces  a while  *:  \ °P  ifc  ifj  Bolublc  in  ammonio  hydrate, 

foom^wl^h'^ ^crystaJlfses  'oiH  ^n^  evaporation.  It  is  also  soluble  in  CyAms  or 
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Cylvs,  forming  a double  sulphocyanate  (CyAgs,  CyKs) , from  which  water  or 
hydrochloric  acid  precipitates  granular  amnionic  hydrate,  crystalline  CyAgs. 
S02Cuo"  gives  a black  crystalline  precipitate  of  cupric  sulpliocyauate, 


CyCus"  which  on  standing  in  the  liquid  is  converted  into  cuprous  sulplio- 
Cy 

cyauate.  ?/Cu2s"  This  characteristic  cuprous  salt  is  obtained  instantly  by 
Cy 

adding  SOHo2,  or  a solution  of  a ferrous  salt  to  the  cupric  salt. 

Fe.Clg  produces  an  intensely  red  solution,  owing  to  the  formation  of  a soluble 
ferric" sulphocyanate,  Cy(;P'e2svi.  Alkaline  sulpliocyanates  furnish  us,  on  this 
account,  with  a most  delicate  reaction  for  ferric  salts.  This  reaction  serves  also 
for  the  detection  of  sulphocyanogen  and  hydrocyanic  acid.  The  blood  red  colour 
is  destroyed  by  Hg-Cl2.  On  introducing  some  metallic  zinc  into  the  blood  red 
solution,  SHj  is  evolved. 


QUESTIONS  AND  EXERCISES. 

1.  Explain  the  derivation  of  the  term  cyanogen. 

2.  Why  are  j FeCyf)  and  Fe2Cy12  viewed  as  compound  radicals  ? 

3.  How  are  ECy  and  K4FeCy6  prepared  ? Describe  their  properties,  as  far  as 

the  analytical  data  illustrate  them. 

4.  Explain  the  action  of  heat  upon  KCy  and  K4FeCy6,  1st,  out  of  contact  with 

air  ; 2nd,  with  free  access  of  air. 

5.  What  constitutes  the  usefulness  of  KCy  as  a reagent  for  blowpipe  experi- 

ments ? 

6.  Explain  the  changes  which  cyanides  of  the  heavy  metals  undergo  upon 

ignition. 

7.  How  would  you  prepare  cyanogen  gas  ? Describe  its  properties. 

8.  Classify  cyanides  according  to  their  solubility  in  water.  Enumerate  some  of 

the  more  important  single  cyanides. 

9.  What  is  understood  by  soluble  double  cyanides  P How  are  they  classified, 

and  how  can  the  easily  decomposable  double  cyanides  be  distinguished 
from  the  difficultly  decomposable  double  cyanides  P 

10.  Enumerate,  1st,  easily  decomposable  double  cyanides  ; 2nd,  difficultly  decom- 

posable double  cyanides. 

11.  Give  reasons  for  the  existence  of  the  compound  radicals  ferro-,  ferri-  and 

cobalti  cyanogen  in  the  double  cyanides  K4EeCy6,  Pb"3Fe2Cy12, 
Cu,'3Co.2Cy12. 

12.  Explain  the  action  of  dilute  acids  upon  single  cyanides  and  upon  easily  de- 

composable double  cyanides. 

13.  Explain  the  difference  between  a precipitate,  produced  by  a solution  of  a salt 

of  a heavy  metal  with  a solution  of  an  easily  decomposable  double  cyanide, 
or  with  an  alkaline  ferro-  or  ferricyanide. 

14.  What  is  the  action  of  hydrated  and  carbonated  alkalies  upon  the  two  classes 
■ of  double  cyanides  ? 

15.  Explain  the  action  of  SH2  upon  the  following  cyanides  and  double 

cyanides : HgCy2,  KoCdCy4,  KAgCy2,  K2MnCy4,  K2CuCy4,  K2CoOy4, 
K2NiCy4. 

16.  How  is  AgCy  distinguished  from  AgOl  ? 

17.  Describe  the  action  of  HCy  upon  S2Am2,  and  explain  how  traces  of  HCy 

can  be  detected,  in  the  presence  of  ferro-  or  ferricyanogen  compounds. 

18.  How  would  you  demonstrate  the  greater  stability  of  Hg-Cl2  over  that  of 

HgrCy2? 

19.  Explain  the  use  of  ferroso-ferric  salts  for  the  detection  of  HCy. 

20.  How  is  HCy  prepared  ? Describe  its  properties. 

21.  Describe  shortly  how  yellow  prussiate  of  potash  can  be  prepared. 

22.  Enumerate  some  of  the  more  common  ferrocyanidos. 

23.  How  would  you  examine  a ferrocyanide  insoluble  in  acids,  e.g.,  Prussian 

blue  '! 
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24.  Explain  the  action  of  KHo  upon  Prussian  blue  and  upon  Turnbull's  blue. 

25.  Explain  what  reactions  ferrous  and  ferric  salts  give  with  ferro-  and  fern- 

cyanides. 

26.  Explain  the  formation  of  soluble  Prussian  blue.  . • „ 

27.  What  is  the  action  of  dilute  or  of  concentrated  sulphuric  acid  upon  potass 

ferrocyanide  ? 

28.  State  how  H4PeCy6  is  prepared.  . 

29.  Explain  the  conversion  of  potassic  ferro-  into  ferncyanide.  ,,  ,. 

30.  Give  instances  of  the  oxidising  action  of  potassic  ferncyanide  m alkaline 

solutions.  „ . ., 

31.  Enumerate  some  of  the  more  important  metallic  ferncyanides. 

32.  How  can  argentic  ferro-  and  ferncyanides  be  separated  from  each  other . 

33.  What  decomposition  takes  place  when  ferro-  and  ferncyanides  are  fi 

a mixture  of  amnionic  sulphate  and  nitrate  ? 

34.  How  is  CyHo  recognized  in  the  presence  of  a cyanide  t 

35.  What  is  the  action  of  concentrated  S02Ho2  upon  a cyan  ate?  , j 

36.  What  reactions  take  place  when  potassic  cyanate  is  heated  with  charcoal, 

37.  E xplain  the  formation' of  ^potassic  sulphocyanate,  and  state  what  change  it 

undergoes  when  heated  in  contact  with  air.  ...  . 

no  ■R'vnlain  the  action  of  nascent  hydrogen  upon  ferric  sulphocyanate. 

39.  Why  does  potassic  sulphocyanate  enable  us  to  distinguish  between  eiro 

and  ferric  salts  ? q „ 

40.  Calculate  the  percentage  composition  of  cuprous  sulphocyanate,  CyCu2s  . 


Chapter  VIII. 

REACTIONS  OF  THE  ACIDS. 

B.  Organic  Acids. 

■Most  organic  acids  cannot  be  distinguished  qualitatively  as  readily 
“ SoSo  “ids.  A few  of  the  more  generally  occurring  acids 
which  can  be  readily  detected,  claim  a short  notice. 

The  greater  number  of  organic  acids  consist  of  carbon,  hydro- 
gen amf  oxygen  ; some  also  contain  nitrogen.  There  is  no  organic 
acid  known  containing  only  two  single  atoms  of  an  element o and 

only  one  to  i- 

“tanoe  ie  Laric  acid,  C„H„0„  is  far  greater  than  in  any  morgamc 

°°Theneiement  with  which  oxygen,  hydrogen,  and  nitrogen  are 
grouped  in  organic  acids  is  carbon,  which  in  most  cases,  piobab  y 

in  all,  acts  as  u ts ' perfornii  n o similar  functions  in  organic  acids, 

andMfn/  sSme  nnmher,  arc  called  compel 

°rJ  Ntriy  ewty  organic  acid  contains  ono  acidifying  principle  of 
two  negative  compound  radicals,  e.g. : 

* Frankland : Lecture  Notes,  page  199. 
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, . i , r cn" 

Cyanogen  (molecule;  < Qjq-" 


N=C- 


-C=N,  or 


Oxatyl  (tlie  molecule  f COHo  J_p_n 

of  which  is  dry  < C0Ho  U— C : L— U. 
oxalic  acid)  L 


0 

1 

H 


O 

H 


The  semi-molecule  of  each  of  these  compound  radicals  contains 
one  atom  of  carbon  with  one  bond  left  free  to  combine  with  another 
element  or  group  of  elements,  the  other  three  bonds  being  satisfied 
in  cyanogen,  by  combining  with  triad  nitrogen  or  m oxatyl,  with 
one  atom  of  oxygen  and  one  of  hydroxyl.  In  the  molecules  the  two 
free  bonds  of  the  carbon  satisfy  each  other. 

These  radicals  are  closely  related  to  each  other.  An  aqueous 
solution  of  cyanogen  (one  volume  of  water  dissolves  about  toui- 
volumes  of  the  gas)  is  speedily  transformed  into  ammomc  oxalate, 

thus  : — , „ ^ . 

rcN  , ,olr  _ rcoAmo 
( CN  + 40H2  ~ 1 COAmo' 

In  the  presence  of  a boiling  solution  of  potassic  hydrate,  cyanogen 
evolves  ammonia  and  produces  potassic  oxalate,  thus : 

{ CN'"  + 2KHo  + 20H2  = { COKo  + 2NH3- 

from  which  salt  oxalic  acid  can  be  obtained. 

Oxalic  acid,  on  the  other  hand,  may  be  converted  into  cyanogen, 
by  transforming  it  into  ammonic  oxalate  and  submitting  this  salt  to 
the  action  of  heat,  thus  : — 


/C0(NH40)  _ / CN"' 
\C0(NH40)  ~ \ CN'" 


+ 40H2 


Oxalic  acid,  or  the  molecule  of  the  compound  radical  oxatyl, 
results  from  the  oxidation  of  a large  number  of  organic  bodies,  e.g., 
sugar,  woody  fibre,  etc.,  by  the  action  of  powerful  oxidizing  agents, 
such  as  concentrated  nitric  acid,  and  is  resolved  into  products  of  the 
final  oxidation  of  everything  organic,  viz.,  carbonic  anhydride  and 

Heat  in  fact,  breaks  up  nearly  all  salts  of  organic  acids.  Those 
of  alkaline  and  alkaline  earthy  bases,  leave  upon  gentle  ignition 
carbonates,  with  separation  of  carbon,  and  consequent  blackening, 
oxalates  excepted.  The  carbonaceous  residue  being  soluble  in  water 
indicates  that  the  organic  acid  was  combined  with  alkali  metals,  and 
if  insoluble,  with  alkaline  earthy  bases.  The  decomposition  is,  more- 
over accompanied  in  most  instances  by  the  evolution  ol  volatile 
matter,  of  carbonic  oxide  and  hydrocarbons,  empyreumatic  vapours 
and  oils. 
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In  the  free  state  organic  acids  are  either  volatile,  and  can  be  dis- 
tilled or  sublimed,  generally  without  undergoing’  decomposition  and 
without  leaving  any  carbonaceous  residue,  as  for  instance,  formic 
acid,  and  its  homologues  acetic  acid,  etc.  (or  the  acids  of  the  fatty 
acid  series)  ; benzoic  acid  and  others,  belonging  to  the  series  of 
aromatic  organic  acids.  These  adds  can  be  removed  from  any  of 
their  saline  compounds  by  decomposition  with  dilute  sulphuric 
acid.  Other  organic  acids  are  non-volatile,  and  are  decomposed 
when  heated  by  themselves,  leaving  a carbonaceous  residue  ; and  the 
acids  cannot  be  removed  from  their  salts  by  distillation  with  sul- 
phuric acid. 


FORMIC  ACID,  |qoh0— Obtained  in  a great  many  chemi- 
cal reactions,  as  a product  of  oxidation  or  decomposition.  It  is 
usually  prepared  by  heating  a mixture  of  equal  weights  of  crystallised 
oxalic  acid  and  glycerine  to  75°  0.,  and  distilling  with  water— 

/COHo  _ f I-I  I co, 

\COHo  “ \COHo  + °U2‘ 

Formic  acid  distils  at  100°  C.  It  is  of  interest,  as  being  the  lowest 
possible  acid  in  the  series  of  fatty  acids,  a series  which  most  com- 
‘ prehensively  illustrates  the  structure  of  organic  acids. 

By  a successive  increment  of  CH2,  or  by  substituting  foi  II 
the  positive  element  in  formic  acid-successively  semi-molecules  of 
the  compound  organic  radicals  methyl,  Chf,,  ethyl,  C2H6,  etc.,  the 
whole  series  of  fatty  acids  can  be  obtained,  thus : 

O 

{ 


Formic  acid 


H 

COHo 


Fi- 

ll 


-C— 0— H 

0 


Acetic  acid 


Propionic  acid 


Butyric  acid 


Stearic  acid 


fH 

< CH2  or 
[COHo 


{ 


H 

CH2 

ch2 

COHo 

H 

CH2 

ch2 

CII2 

COHo 


or 


CH3 

COHo 


f C2H5 
\ COHo 


H— 0— C— 0— IF 

I 

H 

H H O 

H — ^ — C — C — 0 — H 

I I 

H H 


or 


C:iH7 

COHo 


f?  JC17H35 

< (CH2)n  or  < C0H 

[COHo  L 
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The  lower  members  of  the  series  of  fatty  acids  dissolve  freely  m 
water,  whilst  the  more  complex  fatty  acids,  with  largely  increased 
molecular  weights— to  mention  only  stearic  acid— are  quite  insoluble 

in  water. 

REACTIONS  IN  THE  DRY  WAY. 

Formates  of  the  fixed  alkalies  and  alkaline  earthy  bases,  when 
heated  out  of  contact  with  air,  are  decomposed  into  carbonates,  and 
a little  carbon,  with  disengagement  of  combustible  gases— mainly 
carbonic  oxide  and  hydrogen.  Formates  of  the  heavy  metals  give 
off  C02,  CO,  and  OHs,  leaving  the  metal  (generally  mixed  with  a 
little  carbon). 

REACTIONS  IN  THE  WET  WAY. 

f H 

We  employ  A solution  of  sodic  formate,  j CObTao" 

All  formates  are  soluble  in  water ; some  also  in  alcohol. 

Formic  acid  and  formates  are  readily  recognised  by  their  pro- 
perty of  reducing  salts  of  the  noble  metals,  e.g.,  AliCl3,  NOjAgo, 
N204Hg2o",  or  HgCl2,  to  the  metallic  state,  with  evolution  of  car- 
bonic anhydride. 

Potassic  permanganate  is  likewise  deoxidised  by  formic  acid. 

This  reducing  action  distinguishes  formic  acid  from  acetic  acid  and 
most  of  its  homologues. 

When  heated  with  concentrated  sulphuric  acid,  formic  acid  and 
formates  are  broken  up  into  water  and  carbonic  oxide,  which  latter 
burns  with  a fine  blue  flame.  (Method  of  preparing  carbonic  oxide 
gas.)  The  mixture  does  not  blacken.  The  decomposition  is  expressed 
thus : — 

{ COHo  + S0*Ho*  = 00  + S02Ho2  + OH, 


ACETIC  ACID  (Vinegar),  j CO  Ho' — Obtained  either  by  the 
oxidation  of  alcohol,  thus : — ■ 


JCH3 

\CH2Ho 


ch3  , 

COHo  + 


OH2. 


or  by  the  destructive  distillation  of  vegetable  substances,  especially 
of  wood.  Pure  acetic  acid  boils  at  11.7°  C.,  and  is  prepared  by 
decomposing  dry  sodic  acetate  (5  parts  by  weight)  with  concen- 
trated sulphuric  acid  (6  parts  by  weight).  The  crude  acid  is  placed 
over  Mn02,  in  order  to  destroy  any  S02,  and  rectified  by  distillation 
over  a little  sodic  acetate. 


REACTIONS  IN  THE  DRY  WAY. 

Acetates  are  decomposed  upon  ignition,  yielding  a peculiar 
inflammable  volatile  liquid  called  acetone , | qqCH3  ’ ^us  : — 
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2{cONao  = COT“’  + (cOCH,. 

The  acetates  of  the  alkalies  and  alkaline 
strongly  ignited,  leave  a carbonate  ; those  of  the  heavy  metate 
Lave  either  a metallic  oxide,  or  the  metal  itself,  mixed  with 

He'ated  with  caustic  alkalies  (soda-lime),  as  seen  in  Fig.  19,  dry 


Fio.  19. 


off  marsli-gas,  or  light  carhuretted  hydrogen,  CH4, 


sodic  acetate  gives 
thus : — 

f CH3  , NaHo,CaHo2  = 2CONao2,  + COCao"  + 3CH4. 

6 \ CONao  Marsh  gas. 

The  gas  can  be  " 

applying  a light  it  burn  0 7 lride_  'V  ft  forms  one  of  the  con- 

roation  of  water  and  « * whic£  are  seen  to  rise  from  the  bottom 

:Sgl”t  waLSTwherc  decaying  organic  matter  Wccnmulated. 

Hence  its  name  marsh- g [as-  onmnared  with  air.  Its  mole- 

Hs  specific  gravity  is  '554  when  ^P.aved  witn^  of  marsh. 

cular  weight  is  ^6.  one  li  re  veig  ^ ^ drocarton  with  10  of  air 

gas  and  air — one  part  by  annlied  Light  carhuretted 

—explodes  powerfully  ’ is  likewise 
hydrogen  forms  a .oonsW  J _ f {Jeqaent]j  rise  to  explosions 

found  in  coal  mines,  Tt  is  cJted  bv  the  miner  fire-damp. 

when  mixed 1 with  ajr and  fired . It  after  anVosion 

The  atmosphere  left  m the  g clwlce.dam^  0r  after-damp, 

SIX:  tlScarbonic  anhydride. 

REACTIONS  in  the  wet  way. 

A SOLUTION  OF  SODIC  ACETATE,  { COHaO,  ^ 


STEARIC  ACID. 
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All  acetates  are  soluble  in  water.  Argentic  and  mercurous  acetates 
are  the  least  soluble. 

On  heating  a solid  acetate  (or  a concentrated . aqueous  solu- 
tion of  it)  with  alcohol  and  concentrated  sulphuric  acid,  acetic 

( CH 

ether  (ethylic  acetate),  j cOEto  (Et  = ethyl)  is  formed  which 

possesses  a peculiar  fragrant  odour.  The  change  is  expressed 
thus : — 

{ CONao  + EtHo  + S02Ho2  = { COEto  + S03HoNao  + OH2. 

Too  much  alcohol  should  be  avoided  lest  common  (or  sulphuric) 
ether,  OEt2,  be  formed,  the  odour  of  which  would  mask  that  of  the 
acetic  ether. 

By  distilling  an  acetate  with  moderately  dilute  sulphuric  acid 
in  a retort,  free  acetic  acid  is  obtained,  which  is  recognised  by  its 
characteristic  pungent  odour. 

FeaCh  added  to  a solution  of  an  acetate,  produces  a deep  red-coloured  solu- 
tion, owing  to  the  formation  of  ferric  acetate.  On  boiling,  the  whole  of  the  iron 
is  precipitated  as  basic  ferric  acetate,  in  the  form  of  brownish-yellow  flakes. 
AmHo  precipitates  the  iron  from  a solution  of  ferric  acetate  as  ferric  hydrate. 

Ammonic  acetate,  especially  in  the  presence  of  ammonia,  dissolves  several 
insoluble  sulphates,  e.g.,  S02Pbo//,  S02Cao". 


STEARIC  ACID,  | cOHo' — ^ound  fatty  bodies,  e.g., 

f CHoHo 

pure  mutton  fat,  in  combination  with  glycerine,  < CHHo.  When 

L CH2Ho 

heated  with  solutions  of  caustic  alkalies,  the  fat  saponifies  and  the 
fatty  acid  forms  with  the  alkali  metal  a soap,  freely  soluble  in  warm 
water,  and  the  glycerine  separates.  On  decomposing  the  soap  by 
the  addition  of  an  acid  (dilute  hydrochloric  or  sulphuric  acid),  the 
fat  which  separates  is  found  completely  changed  in  character.  It 
has  an  acid  reaction  to  test-paper  when  in  a melted  state,  and  is 
soluble  with  the  greatest  facility  in  alcohol,  from  which  it  crystallises 

f C H 

in  milky  white  needles.  Its  composition  is  Ci8H3602,  or  < COHcr 

It  melts  at  54°  0.  Pure  hard  soap  is  sodic  stearate, 
contains  generally — 

20 — 25  per  cent  of  water 
7 — 8 „ ,,  soda  (ONa2) 

and  67 — 73  ,,  „ stearic  acid. 


/ C17II35  , 

1 CONao’  and 


The  analysis  of  soap  is  effected  by  treating  10  grms.  cut  up  into 
thin  slices,  in  a porcelain  dish,  with  dilute  hydrochloric  acid,  and 
heating  gently  for  some  time,  till  the  whole  of  the  soap  is  decom- 
posed. The  fatty  acid  floats  on  the  surface.  The  dish  is  set  aside 

M 
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to  cool,  when  the  fatty  add  is  obtained  as  a solid  cake,  which  can 
be  readily  removed  and  dried  between  filter  paper.  Sodio  dhlonde 
is  left  in  solution,  and  is  obtained  on  evaporation  m cijs  • 


1. 

2. 


QUESTIONS  AND  EXERCISES. 

bj  beat,  and  what 

inference  can  be  drawn  from  this  action  t Give 

Explain  the  structure  of  the  several  members  of  the  fatty  acid 

Howljfformio  acid  obtained,  and  what  changes  do  format*,  undergo,  when 

H.™»ht,lrb“.' SSed'in  the  wet  way  ? «. 

formic  acid  and  sodic  formate  . 

. State  how  acetic  acid  is  prepared. 

What  is  the  action  of  heat  upon  dry  acetates  t 

• » afier-3^,. 

obtain  acetic  other,  describe  it.  composition  and 

GivograpMo  formulm for  marsh-gas,  cyanogen,  acetic  ether,  acetone. 

Explain  tlic  composition  of  hard  soap-  . ,f  ; acid,  when  heated  with 
A goid.  HO,  »„eh 

* r^V?  *"• of 

*°  obt“ 

20  litros  of  marsh-gas  ? 

BENZOIC  ACID,  { ggk  or  shortly  BzHo-Is  found 

„ OTw1  Balsams  from  which  it  is  obtained  by  snbli- 
m many  gum > “£  balsa  ^ both  ends,  the  acid  sub  limes  m 

wTeadS  rilg  ofi  1 very  Lifting  vapour.  Heated  ou  platmmn 

foilf  benzoic  Mid  tarns  with  a >— yT^hle Twater  or  euids, 

andtoteTn J of  tetrad  «**  « «■%  «‘Mle 

““pforrivesa  ZeljeUev  precipitate  of  basic  ferric  be, route, 

B*Fe^W>,  + P»gs°88). 

““o'  dLutagCeoTo  acid  with  lime  or  baryta,  benzol,  Oft,  ■> 
obtained — 

/ CoHs  , CaO  = C6He  + C!OCao'  . 

\ COHo ^ 


6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17, 

18 

19 


20. 

21. 


SUCCINIC  ACID. 
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Dilute  acids  precipitate  benzoic  acid  from  aqueous  solutions  of 
benzoates ; nitric  acid  is  without  action  upon  it. 

Heated  with  concentrated  sulphuric  acid,  benzoic  acid  does  not 
blacken,  neither  does  it  evolve  SO2. 


f COHo  _ 

SUCCINIC  ACID,  < C .H,  , or  briefly  SuHo2. — Dibasic  acid. — 
{ COHo 

Obtained  by  the  distillation  of  amber,  of  fossil  resin,  and  also  by 
the  long-continued  action  of  nitric  acid  upon  butyric,  stearic,  or 
margaric  acids.  The  acid  crystallises  in  white  plates,  is  readily 
soluble  iu  water,  alcohol,  and  ether,  and  is  not  acted  upon  by  boiling 
nitric  acid.  Heated  in  a tube  open  at  both  ends,  it  sublimes  in  silky 
needles.  Heated  upon  platinum  foil,  it  burns  with  a blue  flame  and 
without  smoke. 

Succinates  are  decomposed  upon  ignition ; the  alkaline  and 
alkaline  earthy  succinates  leave  a carbonate,  mixed  with  carbon. 
Most  succinates  are  soluble  in  water. 

Plumbic  acetate  gives  a white  precipitate  of  neutral  plumbic 

fCO- ’ 

succinate,  <J  ChHiPbo",  which  is  rendered  basic  by  treatment  with 

lcb_j 

ammonic  hydrate. 

Fe2Cl6  produces  from  a solution  of  neutral  ammonic  succinate, 
a broumish-red,  voluminous  precipitate  of  basic  ferric  succinate, 
Su3I’e2ovi,Fe203)  readily  soluble  in  mineral  acids.  AmHo  renders 
the  precipitate  darker  by  withdrawing  a quantity  of  succinic  acid  as 
ammonic  succinate,  leaving  a more  basic  succinate.  (This  reaction 
SERVES  FOR  THE  SEPARATION  OF  Mn"  FROM  Feiv). 

On  boiling  the  precipitate,  produced  by  ferric  chloride  from  a 
solution  of  a succinate  or  benzoate,  with  ammonic  hydrate,  soluble 
ammonic  salts  of  these  acids  are  obtained  which  can  be  separated  by 
filtration  from  the  insoluble  residue.  On  the  addition  of  alcohol 
and  BaCl2  to  the  ammoniacal  solution,  a white,  precipitate  of  baric 
succinate  is  obtained,  whilst  benzoic  acid  gives  no  precipitate  (dis- 
tinction BETWEEN  BzHo  AND  SuHo2.) 

QUESTIONS  AND  EXERCISES. 

1.  How  are  benzoic  and  succinic  acids  prepared  ? Give  graphic  formulae. 

2.  How  would  you  distinguish  BzHo  from  SuHo2  in  the  dry  way  P 

3.  State  how  the  precipitate  produced  by  BzHo  and  SuHo2  with  1*62016 

assists  us  in  distinguishing  between  these  two  acids. 

4.  How  would  you  prepare  benzol  from  benzoic  acid  P 

5.  You  have  given  to  you  a mixture  of  plumbic  benzoate  and  succinate.  State 

bow  you  would  obtain  the  two  acids  in  the  free  state. 

6.  1*340  grm.  of  the  argentic  salt  of  an  organic  acid  leaves  upon  ignition  *632  grin. 

of  metallic  Ag.  What  is  the  molocular  weight  of  the  acid  ? 

M 2 
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OXALIC  ACID,  { COHo- mbasic  aGicl~ Obtained  by  the 

oxidation  of  a large  number  of  organic  bodies,  e.g.,  sugar,  by  nitric 
acid;  or  woody  fibre,  by  the  action  of  caustic  alkalies.  The  fiec 

acid  { + 2 Aq,  is  a violent  poison.  It  crystallises  in  rhombic 

’ 1 LUfio  . 

prisms  with  two  molecules  of  water  of  crystallisation,  which  it  loses 
when  exposed  to  dry  air,  i.e.,  it  effloresces  and  crumbles  to  a 
powder.  With  bases  it  forms  an  important  series  of  salts  called 
oxalates.  The  acid  being  dibasic,  two  series  of  salts,  neutral  and 

acid  oxalates,  j and  j ^OHo’  exisfc  (besides  some  super-add 

oxalates) . 

REACTIONS  IN  THE  DRY  WAY. 

Oxalic  aqid  when  heated  by  itself,  sublimes  for  the  most  part 
unchanged;  a portion  of  it  breaks  up  into  CO,  C02  and  some  formic 
acid  Oxalates  yield,  upon  ignition,  different  products  of  decom- 
position, according  to  the  nature  of  the  base  contained  therein. 

Alkaline  oxalates  leave  a carbonate,  ivitli  slight  blackening,  and 

irive  off  carbonic  oxide.  , ... 

Alkaline  earthy  oxalates  leave  a carbonate,  together  with  some 
caustic  base,  if  a strong  heat  be  applied,  and  give  off  CO  and  C08. 

Oxalates  containing  metallic  bases  winch  do  not  form  carbonates, 
or  the  carbonates  of  which  are  decomposed  by  heat,  break  up  into 
metallic  oxides,  and  give  off  equal  volumes  of  CO  and  CO,,  or  into 
metal,  as  for  instance  argentic  oxalate,  giving  oft  CO* 


REACTIONS  IN  THE  WET  WAY. 

f CO Amo 

Wc  employ  A solution  of  ammonic  oxalate,  | QOAmo 

Oxalates  are  either  soluble  in  water,  e.g.,  the  alkaline  oxalates  and 
a few  metallic  oxalates ; or  insoluble  in  water,  but  soluble  m acids. 
CaCl*  (SOaOao”  or  CaHo2)  precipitates  even  from  very  dilute 

solutions  white  pulverulent  calcic  oxalate,  j 00Cao",  readily  soluble 

in  hvdrochloric  or  nitric  acid;  almost  insoluble  m oxalic  or  acetic 
acid}  and  in  potassic  or  ammonic  hydrate.  Heat  promotes  the  pre- 
cipitation from  very  dilute  solutions.  This  constitutes  one  of  the 

most  delicate  reactions  for  oxalic  acid.  . ... 

BaCl2  gives  from  solutions  of  neutral  oxalates  a white  precipitate 

of  baric  palate,  { g^Bao”  + Aq’  S°luble  “ ^ 

j COAgo,  solub]e  in  dilute  nitric  acid,  and  in  ammonic  hydrate. 

1 ^Concentrated  sulphuric  acid  decomposes  oxalic  acid  or  opiates, 

the' molecule  ofoxatyl  a’ molecule 
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of  OH2.  The  gaseous  mixture  is  passed  through  a wash-bottle 
containing  caustic  soda  or  lime-water,  and  the  carbonic  oxide  gas 
is  collected  over  water.  The  gas  burns  with  a blue  flame.  (Usual 
METHOD  FOR  PREPARING  CARBONIC  OXIDE.) 

Oxalic  acid,  or  oxalates  in  the  presence  of  free  mineral  acids,  act 
as  reducing  agents. 

Treat;  a little  black  oxide  of  manganese  and  oxalic  acid,  or  an  oxalate,  with  a 
few  drops  of  concentrated  sulphuric  acid.  Effervescence  ensues.  The  gas  which 
escapes  is  carbonic  anhydride,  thus  : — 

Mn02  + | + 2S02Ho2  = 2C02  + SOJtfno"  + S02Ko3  + 20H2. 

A solution  of  gold  is  reduced  to  metallic  gold,  thus  : — 

2AuC13  = 3 qqjjq  = 6C02  + Au2  + 6HC1. 

Potassic  permanganate  is  speedily  reduced  (decolorised). 

QUESTIONS  AND  EXERCISES. 

1.  How  is  oxalic  acid  obtained  ? Describe  shortly  its  properties. 

2.  What  changes  does  oxalic  acid  undergo,  1st,  upon  ignition  ; 2nd,  upon  heating 

with  S02Ho2  ; 3rd,  upon  treatment  with  S02Ho2  and  Mn();  or  Cr205Ko2 ; 
4th,  in  contact  with  AuC13  ? 

3.  How  would  you  distinguish  calcic  oxalate  from  calcic  carbonate,  fluoride, 

borate  or  phosphate. 

4.  What  takes  place  when  potassic,  argentic,  calcic,  or  zincic  oxalate  is  ignited  by 

itself  ? 

5.  How  would  you  prepare  pure  carbonic  oxide  gas  from  sodic  oxalate  ? 

6.  Why  is  oxalic  acid  decomposed  by  concentrated  sulphuric  acid  almost  without 

any  blackening  ? 

7.  Calculate  how  much  Mn02  is  contained  in  a sample  of  black  manganic 

oxide,  2’2  grms.  of  which,  when  treated  with  and  S02Ho2, 

yielded  1'662  grm.  of  C02. 

8.  The  calcic  salts  in  one  litre  of  water  are  precipitated  with  ammonic  oxalate. 

The  precipitate  yields  upon  ignition  1'695  grm.  of  COCao".  How  much 
CaO  does  the  water  contain,  1st,  per  gallon,  2nd,  per  100,000  parts  ? 


rcoHo 

TARTARIC  ACIDX  CHHo’  shor%  ™° 2— Dibasic  acid.—  * 

[cOHo 

Found  in  grapes,  tamarinds,  pine-apples  and  several  other  fruits  in 
the  form  of  hy’dric  potassic  tartrate.  The  acid  met  with  in  commerce 
is  prepared  from  the  tartar  or  argol,  an  impure  hydric  potassic  tar- 
trate, deposited  from  the  grape  juice  during  fermentation.  The  acid 
forms  colourless  transparent  crystals,  very  soluble  in  water,  both  hot 
and  cold,  and  soluble  also  in  alcohol.  The  aqueous  solution  under- 
goes gradual  decomposition. 

REACTIONS  IN  THE  DRY  WAY. 

Tartaric  acid  is  decomposed  by  heat,  giving  off  a peculiar  odour , 
resembling  that  of  burnt  sugar  (caramel),  and  leaving  a residue  of 
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carbon.  Alkaline  tartrates  wlien  heated  in  a test-tube,  are  decom- 
posed, with  evolution  of  inflammable  gases,  leaving  a mixture  of 
finely-divided  charcoal  and  carbonate  (black  flux') , from  which  the 
carbonate  may  be  extracted  by  water.  The  carbonaceous  lesidue 
left  upon  igniting  alkaline  earthy  tartrates  contains  an  insoluble 
carbonate,  and  effervesces  when  treated  with  dilute  hydrochloric 
acid.  Tartrates  of  the  heavy  metals  also  undergo  decomposition, 
accompanied  by  the  characteristic  odour  of  burnt  sugar,  and  leave 
much  carbon  mixed  with  metallic  oxide  or  metal. 

REACTIONS  IN  THE  WET  WAT. 

We  employ  A solution  of  tartaric  acid,  and  for  some  reactions 
A solution  of  A normal  salt  ( Rochelle  salt,  or  potassic  sodic  tar- 

trat27ie  alkaline  tartrates  are  soluble  in  water,  the  acid  salts  less  so 
than  the  neutral  tartrates.  The  normal  tartrates  of  the  alkaline  earthy 
bases,  of  the  earths  and  heavy  metals,  are  difficultly  soluble  m water, . but 
dissolve  readily  in  dilute  tartaric  acid.  Alkalies  fail  to  precipitate 
double  tartrates,  readily  soluble  in  water,  containing-  an  alkaline 
and  metallic  base.  Hence  the  presence 

prevent  the  precipitation  of  Fe,();„  Cr,03,  ZnO,  NiO,  GO,  > 
CuO  PbO,  Bi,0:„  PtO*  or  CdO,  whilst  some  other  substance, 
e.g.,  POHos,’  if  present,  may  be  precipitated  from  an  alkaline  solu- 

i 101KC1  (or  some  other  potassium  salt,  especially  the  acetate)  pro- 
duces in  a solution  of  free  tartaric  acid_a  heavy  white  crystalline 
nrecinitate  of  Iiydrlc  potassic  tartrate,  THoKo,  readily  soluble  in 
mineral  acids  and  in  alkalies  and  alkaline  carbonates,  insoluble  m 
acetic  acid  The  precipitation  is  accelerated  by  agitation  and  by 
XwinTto  stand  for  Ac  hours.  Alkalies  dissolve  the  preorpt^ 
forming  a normal  tartrate,  soluble  in  water,  from  which  acetic  acid 

«aric  acid  as  a white 

“'SaoCP  not  s'ioao",  eacept  on  long  standing,)  preoimtates 
from  a solution  of  a normal  tartrate,  white  calcic  tartrate  (Ihao  , 
+ 8aa)  sotablein  acids,  even  tartaric  acid,  in  amnionic  saUs 
fAmC?i  but  not  in  ammonic  hydrate.  The  precipitate  is  soil* 
or  eodie  hydrate,  which  is  nearly  free  tom  c^bonat^ 

but  is  reprecipitated  on  boiling  as  a gelatinous  un  , 

on  fcom  a B0luti0n  of  a normal  tartrate  (e.p., 

BocMe  salt)  in  the  cold  a white  curdy  precipitate  of  arsrrntic  tar- 
®A„o  On  filtering  and  dissolving  some  of  the  precipi  a 
of^ the  alter  with  a little  dilate 

solution  in  a derm  test-tu  o-lassS  becomes  coated  with  a 

"ST0  *0*  — ten  ) 

iejbo^gives  a white  crystalUne  precipitate  of  plumbic  tartrate, 
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TPbo",  from  solutions  of  tartaric  acid,  or  its  soluble  salts.  The 
precipitate  is  soluble  in  nitric  acid,  and  in  ammomc  hydrate ; the 
latter  giving  rise  to  the  formation  of  plumbic  ammomc  tartrate, 
which  cannot  be  precipitated  by  AmHo. 

Tartaric  acid  and  ammonia  dissolve  S(J2Pbo  . 

Concentrated  S02Ho2  decomposes  tartaric  acid,  or  a tartrate,  on 
heating,  with  evolution  of  S02,  C02,  and  CO,  and  separation  of 
carbon. 


QUESTIONS  AND  EXERCISES. 

1.  Describe  some  sources  of  tartaric  acid. 

2.  Describe  the  decomposition  which  tartaric  acid  and  tartrates  undergo  upon 

ignition. 

3.  What  is  the  composition  of  blade  flux  ? . , 

4.  Explain  the  solvent  action  of  tartaric  acid  upon  certain  tartrates  m tiie  pre- 

sence of  alkalies. 

5.  How  can  tartaric  acid  be  detected  in  the  wet  way  . 

6.  Give  graphic  formula!  for  Rochelle  salt,  argentic  and  plumbic  tartrates. 


f CHHo(COHo)  _ 

CITRIC  ACID,<  CH  (COHo)  -b  2 aq.,  or  briefly  CiHo3.— 
[CH2  (COHo) 

Tribasic  acid. — Obtained  from  orange  or  lemon-juice.  Pound  also 
in  many  other  fruits.  It  forms  colourless  prismatic  crystals,  which 
possess  a pure  and  agreeable  acid  taste.  1 hey  dissolve  in  cold  and 
hot  water,  and  in  alcohol.  The  aqueous  solution  undergoes  decom- 
position after  a time.  The  citrates  are  very  numerous,  the  acid 
forming,  like  phosphoric  acid,  three  classes  of  salts  by  the  replace- 
ment of  one,  two,  or  three  atoms  of  hydroxyl  by  a corresponding 
amount  of  potassoxyl,  etc. 

REACTIONS  IN  THE  DRY  WAY. 

On  heating  citric  acid,  it  loses  first  its  water  of  crystallisation, 
then  fuses,  and  is  decomposed  with  disengagement  of  pungent  and 
irritating  acid  fumes,  leaving  a less  abundant  carbonaceous  residue 
than  tartaric  acid.  Alkaline  and  alkaline  earthy  citrates  leave  a 
carbonate  npon  ignition. 

REACTIONS  IN  THE  WET  WAY. 

We  employ  a solution  of  CiHo3  in  water,  or  a solution  of  a 

NORMAL  ALKALINE  CITRATE. 

Potass)  c salts  give  no  precipitate. 

CaHo2  gives  no  precipitate  in  the  cold  from  a solution  of  citric 
acid,  or  of  a neutral  citrate ; but  on  heating , a white  precipitate  of 
calcic  citrate,  CT2Cao''3,  is  obtained.  (DISTINCTION  BETWEEN  TARTARIC 
and  citric  ACID.)  When  both  citric  and  tartaric  acid  are  present,  the 
precipitate  produced  by  CaHo2,  or  CaCl2  in  the  cold  is  filtered  off, 
and  the  clear  filtrate  boiled,  when  a further  precipitate  indicates 
citric  acid. 
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CaCl2  produces  at  first  no  precipitate  in  the  cold  from  an  aqueous 
solution  of  citric  acid,  or  a soluble  citrate  ; but  on  standing  precipi- 
tation takes  place  and  is  all  but  completed,  even  in  tbe  cold,  after 
24  hours.  On  boiling  a white  precipitate  of  calcic  citrate  is  ob- 
tained, if  tbe  solution  be  neutral,  or  if  it  contain  an  excess  of  lime 
water  or  ammonic  hydrate.  This  precipitate  is  insoluble  in  sodic  or 
potassic  hydrate , but  soluble  both  in  ammonic  salts  and  in  acids. 

Argentic  citrate,  dissolved  in  ammonic  hydrate,  does  not  form  a 
mirror  upon  heating.  Citric  acid,  like  tartaric  acid,  prevents  the 
precipitation  of  certain  oxides,  more  especially  of  A1203,  of  Groups  II 
and  III,  by  caustic  alkalies,  on  account  of  the  formation  of  soluble 
double  citrates,  containing  a metallic  and  alkali  base. 

Concentrated  sulphuric  acid  decomposes  citric  acid  or  citrates 
slowly.  On  cautiously  applying  heat,  CO  and  C02  escape,  at  first 
without  any  blackening  of  the  liquid,  but  on  boiling  for  some  time, 
S02  is  evolved,  and  carbon  separates. 

QUESTIONS  AND  EXERCISES. 

.1.  Whence  is  citric  acid  dorived  P 

2.  Describe  the  tests  which  distinguish  citric  from  tartaric  acid. 

3.  Q-ivo  graphic  formula  for  citrio  acid. 

4.  How  would  you  detect  oxalic,  tartaric,  and  citric  acids  contained  in  a 

liquid  P 

5.  Why  docs  the  presenco  of  citric  or  tartaric  acid  prevont  the  precipitation  of 

A1203  or  Fe2Oa  by  AmHo? 

6.  How  would  you  separate  phosphoric  acid  by  precipitation  with  a magnesic 

salt  from  a solution  containing  phosphates  of  Aliv,  Feiv,  and  Mn"  ? 
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In  order  to  enable  the  analyst  to  acquire  a thorough  mastery 
over  the  reactions  for  bases  and  acids,  some  25  to  30  simple  sub- 
stances should  be  analysed  by  the  aid  of  the  subjoined  analytical 
tables,  and  the  results  recorded  in  the  manner  shown  in  the  Ap- 
pendix. The  nature  of  these  exercises  will  be  sufficiently  indicated 
by  the  following  examples : — 

1.  Crystallised  magnesic  sulphate  (Epsom  salts). 

2.  Sodic  sulphite. 

3.  Saltpetre. 

4.  Common  sodic  phosphate. 

5.  Potassic  iodide. 

6.  Potassic  oxalate. 

7.  Citric  acid. 

8.  Calcic  tartrate. 

9.  Sodic  acetate. 

10.  Calcic  phosphate. 

11.  Dried  green  vitriol. 

12.  Borax. 

Preliminary  to  the  analysis  of  more  complex  bodies,  a number  of 
double  salts  or  mixtures  of  salts  containing  one  or  two  bases,  and 
one,  two  or  more  acids  should  be  next  examined,  such  as : — 

Ammonic  ferrous  sulphate. 

Common  ammonium  or  potassium  alum. 

Microcosmic  salt. 

Potassic  sodic  tartrate  (Rochelle  salt). 

Dipotassic  calcic  ferrocyanide. 

Potassic  chlorate  and  potassic  nitrate. 

Sodic  chloride  and  potassic  carbonate. 

Potassic  oxalate  and  potassic  carbonate. 

Ammonic  chloride  and  sodic  nitrate. 

Ammonic  magnesic  phosphate. 

Potassic  bromide  and  iodide,  and  sodic  chloride. 

Complex  bodies  should  be  examined  systematically  and  the 
results  carefully  noted  down  in  the  analyst’s  laboratory  book  imme- 
diately they  are  made,  and  in  the  order  indicated  by  the  arrangement 
of  the  Analytical  Tables.  A careful  preliminary  examination  in  the 
dry  way  yields  for  the  most  part  results  which  are  decisive  of  the 
nature  of  the  substance  under  examination.  A few  simple  experi- 
ments are  frequently  sufficient  to  determine,  in  the  case  of  simple 
salts,  the  nature  of  both  base  and  acid,  and  in  that  of  a compound 
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substance,  most  bases  and  acids.  Skill  in  blowpipe  analysis  Is  of 
paramount  value  in  tbe  analysis  of  well-defined  minerals,  as  well  as 
of  complex  mixtures.  The  student  should,  however,  invariably 
control  the  results  obtained  by  an  examination  of  the  solid  su 
stance  in  the  dry  way,  by  a most  searching  analysis  in  the  wet  way. 

The  exercises  should  be  progressive,  and  should  at  first  consist 
of  artificial  mixtures  of  clearly-defined  composition  : and  lastly,  ot 
complex  bodies,  such  as  minerals,  alloys,  colours,  slags,  refuse- 
matter  from  various  manufacturing  processes,  etc. 

The  following  mixtures  or  compound  bodies  may  be  taken  as 
types  of  the  20  or  30  substances  that  should  be  examined  m order 
to  enable  the  student  to  acquire  proficiency  in  qualitative  analysis  : 


1.  NuOiPbo", 

HgCl2, 

Am  Cl, 

COCao". 

2.  CaCl2, 

SrCl2, 

BaCl2. 

3.  As2S8> 

AmCl, 

N02Ko. 

4.  Ammonium  alum, 
Chrome  alum, 

Galena. 

5.  Chrome  iron  ore, 

6.  Type  metal. 

7.  Stourbridge  fire-clay. 

8.  Cr02Bao", 

Fe203, 

CaCl2, 

Sulphur. 


9.  BaCl2, 

POHoBao”, 

( COKo 
\ COKo 

10.  Ammonium  alum, 

Chrome  alum, 

POHoNao2, 

Fe203, 

Si02. 

11.  COBao", 

P,02Bao''3, 

S02Bao", 

NaCl. 

12.  Ultramarine. 

13.  Guano. 

14.  Coprolite. 

15.  Material  which  has  been 

used  for  purifying  coal- 
gas. 

16.  Alkali  waste. 


TABLES 


FOE  THE 


QUALITATIVE  ANALYSIS 


OF 


SIMPLE  AND  COMPOUND  SUBSTANCES,  BOTH  IN 
THE  DRY  AND  WET  WAY. 
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EXAMINATION  OF  SUBSTANCES 


Examination  op  a Substance  in  the  Wet  Way. 

1st.  The  substance  under  examination  is  a liquid. — Examine  it 
by  means  of  well-prepared  test-papers.  Tbe  liquid  is  neutral.  This 
excludes  a large  number  of  substances,  since  tbe  greater  proportion 
of  normal  salts  of  tbe  metals  possess  an  acid  reaction.  Tbe  liquid 
shows  an  acid  reaction.  Tbis  may  arise  from  a free  acid,  or  fiom 
tbe  presence  of  a normal  salt  having  an  acid  reaction,  01,  lastly, 
from  an  acid  salt.  Or  tbe  solution  possesses  an  alkaline  reaction, 
owing  to  tbe  presence  of  a salt  of  alkaline  reaction,  of  free  alkalies 
or  alkaline  earths,  and  of  cyanides  or  sulphides  of  tbe  alkalies  or 
alkaline  earthy  metals. 

Evaporate  a portion  of  tbe  liquid  to  dryness  on  a watch-glass  or 
platinum  foil.  It  leaves  no  residue,  and  may  consist  of  pure  water 
only;  or  it  leaves  a residue;  a larger  portion  of  tbe  liquid  should 
then  be  evaporated  to  dryness  in  a porcelain  dish  and  subjected  to 
a preliminary  examination  in  the  dry  way.  _ 

2nd.  The  substance  under  examination  consists  of  a solid  body.-~ 
If  it  occurs  in  large  pieces,  or  in  tbe  form  of  a coarse  powder,  it 
should  first  be  reduced  by  mechanical  means  to  as  fine  a powder  as 
possible. 

Natural  silicates  and  other  compounds  which  are  decomposed  with  difficulty 
by  acids,  arc  finely  powdered  in  an  agate  mortar  and  then  levigated,  i.e.,  stirred 
up  repeatedly  with  water  ; the  coarser  particles  of  the  powdered  substance  fall 
rapidly  to  the  bottom,  and  the  water  holding  the  liner  particles  in  suspension  can 
be  poured  off.  The  coarser  particles  must  then  bo  ground  again,  and  made  to 
pass  through  a fresh  process  of  levigation,  till  the  whole  of  the  substance  is 
obtained  in  an  equally  fine  state  of  division.  By  allowing  the  water  to  stand  for 
some  time,  the  whole  of  the  suspended  particles  fall  to  the  bottom  of  the  yessel, 
and  can  be  separated  by  decantation  and  filtration. 

Ascertain  whether  the  solid  substance  is  wholly  or  partly  soluble 
in  water.  This  is  done  by  boiling  about  a gramme  of  it  in  distilled 
water  allowing  the  undissolved  portion  to  subside  before  decanting 
the  supernatant  liquid,  and  treating  the  undissolved  portion  again 
with  boiling  water  as  long  as  anything  is  dissolved.  A drop  of  the 
solution,  when  evaporated  on  a watch-glass,  or  on  platinum  foil, 

should  leave  a visible  spot.  . 

The  aqueous  extract  is  set  aside  until  the  residue  lias  m like 
manner  been  treated  with  acids.  It  should  be  tested  with  litmus- 

^Tlie  residue  insoluble  in  water  is  next  treated  with  dilute  hydro- 
chloric acid,  and  heated  for  some  time  to  boiling._  The  undissolved 
portion  is  allowed  to  subside  and  the  clear  fluid  decanted  ibis 
operation  should  be  repeated  several  times,  both  with  dilute  and 
concentrated  hydrochloric  acid.  Boilmg  with  HC1  generally  dis- 
solves out  whatever  is  soluble,  and  N02Ho  has  rarely  to  be  resorted 
to  If  an  insoluble  residue  be  left,  treat  with  small  quantities  of 
aoua  rerta.  Observe  carefully  what  changes  take  place  when  the 
substance  is  treated  with  acids,  especially  whether  any  and  what 
gases  are  disengaged. 


IN  THE  WET  WAY. 
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The  residue  insoluble  in  water  and  acids  should  be  carefully 
washed  with  distilled  water,  filtered,  dried,  and  then  mixed  with 
three  to  four  times  its  weight  of  dry  GONao2  and  COKo2  (fusion- 
mixture)  and  fused.  The  fusion  is  best  performed  in  a platinum 
crucible,  provided  the  insoluble  residue  does  not  contain  any  metals 
capable  of  forming  alloys  with  platinum.  This  can  be  readily  ascer- 
tained by  an  examination  of  the  residue  in  the  dry  way. 

It  should  be  borne  in  mind  that  only  baric,  strontic,  calcic, 

AND  PLUMBIC  SULPHATES  ; PLUMBIC  AND  ARGENTIC  CHLORIDES  ; Si02, 

MANY  SILICATES  ; NATIVE  OR  IGNITED  A1203  AND  ALUMINATES  ; IGNITED 

Cr203  and  Fe.03;  chrome  iron  ore;  Sn02  (ignited  or  as  tin- 
stone) ; IGNITED  Sbo04  (a  FEW  METAPHOSPHATES  AND  ARSENATES)  ; 
CaFo,  AND  A FEW  OTHER  NATIVE  FLUORIDES  ; SULPHUR  AND  CARBON, 
are  usually  present  in  the  residue. 

Ag4FeCy6  and  Ag6Fe2Cy12,  AgBr,  Agl,  and  AgCy  are  decomposed 
into  AgCl  by  boiling  with  aqua  regia. 

Solutions  1 and  2 may  be  examined  separately,  or  they  may  be 
mixed  and  examined  together.  A separate  analysis  of  the  aqueous 
and  acid  extracts  becomes  necessary  only  when  it  is  intended  to 
show  how  the  acids  and  bases  are  combined  in  a compound  body. 

The  examination  of  a residue  requiring  fusion  with  alkaline  car- 
bonates is  invariably  conducted  separately.  The  fused  mass  is 
boiled  with  water  and  filtered;  the  powder,  insoluble  in  water, 
containing  the  base  in  the  form  of  a carbonate  (oxide  or  metal)  is 
dissolved  in  HC1  or  N02Ho.  The  aqueous  extract  is  examined  for 
acids,  and  the  acid  extract  for  bases. 

Alloys  are  dissolved  in  dilute  or  concentrated  HC1,  sometimes 
with  the  aid  of  platinum  foil,  or  with  the  addition  of  a few  crystals 
of  potassic  chlorate,  and  their  solutions  examined  as  usual. 

Cyanogen  compounds  are  best  destroyed  by  fusion  in  a porcelain 
crucible  with  3 or  4 times  their  weight  of  a mixture  of  '3  parts  of 
S02Amo2  and  1 part  of  N02Amo.  The  metals  can  then  be  detected 
in  the  residue  in  the  usual  manner. 

Remark. — In  order  to  economize  time,  the  solution  of  a substance  should  be 
prepared  at  the  same  time  as  the  examination  in  the  dry  way  is  conducted,  and 
whilst  the  separation  into  groups  is  effected  by  means  of  the  several  group- 
reagents.  The  precipitates  can  then  be  well  washed.  Again,  the  time  occupied 
in  the  evaporation  of  the  filtrate  from  Group  II,  and  in  separating  Felv,  CrlT, 
and  Allv  by  means  of  COBao"  in  Group  III,  may  be  employed  in  the  examina- 
tion of  the  precipitate  produced  by  HOI  or  SH2,  as  well  as  in  detecting  the  acids 
in  the  dry  and  wet  way. 
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GENERAL  TABLE  FOR  T1IE 


To  the  greater  portion  of  the  original  solution  add  HC1,  as 


The  precipitate  may  contain  — 
PbCl2,  white 

The  filtrate  (Note  3)  is  largely 

AgCl,  „ 

The  precipitate  may  contain — 

Hg^Cloj  » 

(Note  2.) 

He'S,  black 

Insoluble  in  sodic  hydrate, 

PbS, 

Examine  by  Table  I. 

Bi2S8,  „ 

► or  yellow  ammonic  sid- 

CuvS,  „ 

CdS,  yellow  _ 

phide. 

• 

SnS,  brown'1 
SnS2,  yellow 

Soluble  in  sodic  hydrate, 

Sb2S3,  orange 

SboS6) 

1 or  yellow  ammonic  sul- 

As..S3,  yellow 
AuoS3,  black 

PtSj,  „ . 

pbide. 

Examine  by  Table  II. 
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EXAMINATION  OF  BASES. 


long  as  a precipitate  is  produced,  and  heat  gently.  (Note  1.) 


diluted  with  water  (Note  4),  saturated  with  gaseous  SI12,  and  gently  heated  (Notes  5 and  6). 


Evaporate  the  filtrate  till  free  from  SH2,  then  add  a few  drops  of  concentrated  N02IIo,  and 
evaporate  to  complete  dryness.  If  oxalates  or  organic  matter  (Note  7)  be  suspected  (indicated 
hy  tlie  blackening  of  the  residue),  heat  to  redness  in  a porcelain  dish,  but  not  otherwise,  treat 
the  residue  with  a little  concentrated  HOI,  add  water  and  heat,  when  it  dissolves  either  wholly  or 
leaves  a white  residue  of  Si02  (Note  8).  Test  a small  portion  of  the  HC1  solution  with  ammomo 
molybdate,  with  the  addition  of  concentrated  nitric  acid. 

(A.)  No  precipitate  is  obtained,  POIlo3  Is  absent. — Add  AmCl,  AmHo,  and  S Am2,  to  the  remaining 
portion  of  the  solution,  heat  to  boding,  and  filter  quickly  j wash  wed  with  hot  water 
containing  a few  drops  of  ammonic  sulphide. 

(B.)  A precipitate  is  obtained,  FOIT0.3  is  present  — Add  AmCl  and  AmHo  in  slight  excess  to  the 
remaining  portion  of  the  solution,  heat  gently  and  filter  quickly  ; wash  well  with  hot  water. 
To  the  filtrate  add  SAm2  to  slight  excess,  heat  to  boiling  and  filter.  Wash  with  hot  water 
containing  a few  drops  of  SAm2,  and  examine  filtrates  under  Group  IV.  Transfei  the  two 
precipitates  to  a porcelain  dish,  and  digest  with  a little  SAm2  (Note  9).  Eilter  oil  and 
wash  wed.  Neglect  filtrate  (Note  10). 


(A.) 


(B.) 


The  precipitate  may  con- 
tain— 


The  precipitate  may  con- 
tain— 


To  the  filtrate  from  III  A.  or 
III  B.  add  AmHo  and  COAmo2, 
heat  gently  (Note  12)  and  filter. 


A1-IIo6,  yellowish-white, 
gelatinous. 
Cr2Ho6,  bluish-green. 

FeS,  black. 

ZnS,  white. 

MnS,  flesh-coloured. 

NiS,  black. 

CoS, 

Examine  by  Table  III  A. 


Al2Ho6,  yedowish-white, 
gelatinous. 

Cr2Ho6,  bluish-green. 

FeS,  black. 

ZnS,  white. 

MnS,  flesh-coloured. 

NiS,  black. 

CoS, 

Together  with  the  phosphates 
of  (Cr)  and  Al,  as  well  as  of 
the  alkaline  earthy  metals. 
(Note  11.) 


The  precipitate 
may  contain — 

COBao",  white. 
COSro",  „ 
COCao",  „ 

Examine  by 
Table  IV. 


Solution  may 
contain — 

BXg-O. 

OKj. 

ONa,. 

Examine  by 
Table  V. 


Examine  by  Table  III  B. 
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NOTES. 


NOTES  TO  GENERAL  TABLE. 

1.  In  case  the  original  substance  had  to  be  dissolved  in  hydrochloric  acid, 
SELj  may  be  passed  at  once. 

2.  In  a saturated  solution  of  a baric  salt,  HC1  produces  a white  precipitate, 
soluble  in  hot  water.  From  an  alkaline  solution  HC1  may  precipitate  SiHo4 
(gelatinous),  BHo3,  BzHo  [and  uric  acid]  crystalline,  also  Sb205  (amorphous). 
Metallic  oxides,  such  as  A1203  and  metallic  sulphides,  such  as  As2S3,  Sb-iS3, 
Sb2S5,  SnS,  and  SnS2,  which  dissolve  in  NaHo  or  SjAm.,  may  likewise  be  pre- 
cipitated on  the  addition  of  HC1,  and  are  best  examined  separately. 

3.  If  arsenic  has  been  detected  in  the  preliminary  examination,  this  filtrate, 
which  may  contain  pentad  arsenic,  should  be  boiled  with  a solution  of  SOHo2,  or 
SO  Ho  Amo,  and  the  acid  solution  evaporated  considerably  to  expel  the  S02. 
Ba,  Sr,  and  Pb,  when  present,  may  be  precipitated  either  partly  or  wholly,  as 
sulphates.  The  precipitate  is  best  examined  separately. 

4.  Certain  oxychlorides,  e.g.,  of  Bi,  Sb,  or  Sn,  may  be  precipitated  on  the  first 
addition  of  dilute  HC1,  or  water,  but  are  readily  redissolved  on  the  addition  of 
more  acid,  and  on  gently  heating ; or  the  precipitate  may  be  disregarded,  since 
SHo  readily  converts  the  finely  divided  oxychlorides  into  the  corresponding 
metallic  sulphides. 

5.  Silo  often  produces  merely  a precipitation  of  sulphur,  owing  to  the 
presence  of  oxidizing  agents,  such  as  Cl,  Br,  I (SOHo2,  NOHo),  N02Ho,  ClHo, 

{oHo’  { q jjo>  | oilo’ ftnc^  or  f01’1'*0  8ahs.  This  precipitate 

is  easily  distinguished  by  its  being  white  and  remaining  suspended  in  the  solution. 
It  may  be  neglected  altogether.  A brick  rod  precipitate  of  Pb2SCl2  often  comes 
down  from  strongly  acid  (IIC1)  solutions,  if  the  solution  has  not  been  sufficiently 
diluted  with  water.  Cadmium  is  often  left  in  solution,  if  too  much  acid  be 
present. 

G.  SII2  should  be  passed  once  more  through  the  filtrate,  to  make  sure  of  the 
complete  precipitation  of  all  the  metals  of  Group  II. 

7.  Organic  acids,  e.g.,  THo2,  CiHo3,  also  sugar,  etc.,  prevent  the  precipitation 
of  Al2Ho6,  etc.,  in  Group  III.  (Comp.  p.  16G.) 

8.  It  is  possible  that  this  Si02  may  bo  mixed  with  other  substances,  e.g., 
A1203,  Cr2Oa,  Fe.,03  (rendered  insoluble  by  strong  ignition),  S02Bao", 
S02Sro",  in  which  case  it  is  necessary  to  examine  it  separately. 

9.  If  the  SAm2  were  added  simultaneously  with  the  AmCl  and  AmHo,  phos- 
phates of  Fe,  Mn,  Zn,  Ni,  and  Co  would  be  decomposed  into  sulphides,  -with 
formation  of  X*OAmo3,  which  might  produce  a precipitate  of  a phosphate  of  the 
alkaline  earthy  bases,  by  acting  upon  salts  of  these  bases  other  than  phosphates, 
or  act  as  a solvent  for  other  phosphates  in  the  presence  of  AmHo.  (Comp, 
p.  52.) 

10.  This  filtrate  may  contain  POHo3,  a proof  that  a phosphate  of  the  metals 
Fe,  Zn,  Mn,  Ni,  or  Co  was  present  in  the  original  HC1  solution,  or,  vice  versd, 
that  all  these  metals  (or  one  or  several  of  them)  may  be  present.  (Comp, 
p.  52.) 

11.  Small  quantities  of  borates  and  fluorides  of  the  alkaline  earthy  metals 
may  likewise  be  precipitated,  together  with  the  alkaline  earthy  phosphates,  but 
need  not  be  examined  further,  since  their  bases  will  be  detected  in  Group  IY, 
and  their  acids  on  examining  in  the  usual  way  for  acids. 

12.  The  solution  must  not  be  boiled,  since  the  AmCl,  by  double  decomposition, 
dissolves  the  alkaline  earthy  carbonates  forming  chlorides  and  ammomc  car- 
bonate, which  volatilizes  with  the  aqueous  vapour. 


TABLE  I.— SEPARATION  OF  THE  METALS  OF  GROUP  I. 


REACTIONS  OF  THE  METALS  OF  GROUP  I. 


185 


,3 

© 

44 

© 

§ 

© 

If 


© 


fs 


© 

44 

fed1 

^ & 

. n 

03  a 

o O 

■g* 

U",  © 
© 

w © 

n .13 

im  3 

„ cr 

6s. 2 

W 

»ia 

O 44 


<T«  a 

6 * 

to  g 

B~ 


o 

60 

<1 


0 

4 

h 

a 

•a 

4J 

fl 

8 

S' 

a 

-2 

C3 

44 
• H 

_o- 

*3 

1 

Ph 

© 

dJ 

H 


d 

^3 


cJ 

© 

rP 


too 

51 

O <\ 
bC 
*<S 


d 

o 

© 

s* 

a 

w 

Pi 

M 

OT 

« 

« 


I 

© 

rP 

EH 


O ^ 

vM.1h 
be  S 

W M 

m a 

Bj 

*♦4 

0 

be  p 

P c3 

’■3 


"i  s 

d © 

•-<  >4 

• 03  3 

a 

•s  SI'S ^ 

§1^ 
“ 2 4 ^ B 

-S  60=3  g'S 

^.sgs 

P>  ^ S 
.2  2 oh 
w ^ d 

P R 

P^o. 


w?»i 

Mm  h® 

ag-s  a 

HO  <1 


.«  CO 

M O 

g 

‘So  ° 

if 

151 

< 

is  rg  o 

o 

© 

a^  s 

r=t  Rl 

© 

d 

2 ^ . 

to 

© 

t- 

SI2!* 

ol^.S 

s 

-§*-§ 

H <1 

P 

o 

O 

6 g 

,Q 

<4-4 

P ® . * 

•J3  *3  Cl  aS 

^ o* 

44  4_|  ^ ^ 

P © UJ 

O =►>' «<w 

« SO  o 

h It)  « 
g o'"  u 

Sg  g d 

• rH  — d!) 

° 3 o'  « 

£ © ^ id 

P C4  ^ 

Hi  ^ O 

* •■?  L. 


o-r  (. 
“ p o 
2 60 
r5  flh 

I 9 

a=a 

O 


d 

m 

00 

P 

PP 

© 

£ 


P> 

CQ 


* 

d p* 

o3  d 

o 

M &b 


^ .9 

o "d 

3 -2 

© c? 


fci 


© m 
© p 

„ o 

rrj  © 
© 2 
44  -4J 

03  . 
© 

ta 

P (U 
© o 
be  a 

fH  ^ 

s -u> 

O ro 

11 
r— ( 00 
O j. 

™ s 

© hP 
rd 

44  O 

3 £ 

p © 

a «w 

«* 

© 2 
M d 
© ^ 
~r 

-SW 

'Tl 

03 


O 

W 

© 

CO 

© 

•a 


186 


Table  II.— SEPARATION  OF 


The  precipitate  may  contain  Jig'S,  X*bS,  Bi2S3,  CuS,  Cdb,  SnS,  SnS2,  SbiS3,  Sb^Ss,  As2S3, 
11  J (Comp.  p.  90.)  Wash  tlie  precipitate  until  free  from 


Residub. — Wash  well;  boil  in  a little  concentrated  N02Ho,  until  all  action  ceases.  Dilute  with 
water  ; add  dilute  SOoHos,  as  long  as  a precipitate  is  produced ; allow  to  cool  and  add  an  equal 
bulk  of  alcohol  (methylated)  ; filter. 


Uesidue. — May  contain  HgS,  S02Pbo" 
and  8.  Boil  in  ammonia  acetate  : 
S02Pbo"  dissolves;  allow  to  cool 
and  filter. 


Residue  consists 
of  HgS  and  S, 
or  of  S only. 

Confirm  by  re- 
ducing the  dried 
HgS  in  a bulb- 
lube  with  dry 
CONoo3. 

Metallic  mirror 
and  globules. 

Presence  of  ilg- 

(as  mercuricum.) 


Solution. — Add 
CrOjKo2,  yel- 
low precipitate 
of  CrOoPbo". 

Presence  of  Pb. 


Solution. — Boil  off  the  alcohol,  add  excess  of  AmHo ; 
boil  and  filter. 


Tho  PRECIPITATE 
consists  of 
BiHo3.  Dis- 
solve in  a few 
drops  of  dilute 
HC1 ; evapo- 
rate nearly  to 
dryness  and 
add  water. 
Milkiness  from 
BiOCl. 

Presence  of  Bi. 


Solution. — Acidulate  slightly  with 
HC1  and  pass  SH2  ; filter  off  and 
wash  the  precipitate  with  weak  SH» 
water.  Boil  with  dilute  S02Ho2 
and  filter. 


Residue.  — Dis- 
solve in  NOoIIo ; 
add  slight  excess 
of  Am  Ho,  then 
f CH3  j 
\ COHo,  antl 
K,,FeCyc.  Brown 
precipitate  of 
Cu2FcCy6. 

Presence  of  Cu. 


Solution.  — Add 
AmHo  and  pass 
SHj.  Yellow 
precipitate  of 

CdS. 

Presence  of  Cd. 


Note  I.- 


-CuS  ia  aomewlmt  soluble  1»  to  »«,  »«•  £ 
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THE  METALS  OF  GROUP  II. 


(Au  and  Pt  must  be  tested  for  specially  in  a separate  portion  of  the  filtrate  from  Group  I). 
HC1;  boil  with  Nallo,  or  S2Am2,  and  filter  (Note  1). 


Solution  may  contain  As,  Sb,  Sn  (Au  and  Pt)  as  sulpho-salts.  Acidulate  with  dilute  hydro- 
chloric acid,  As2S3,  Sb2S5,  and  SnS2  are  reprecipitated.  Filter  and  wash ; digest  with 
COHoAmo  and  filter. 


Eesidue  consists  of  Sb2S5  and  SnS2.  Dissolve  in  boiling 
HC1.  Introduce  into  a Marsh’s  apparatus  in  which 
hydrogen  is  generated  by  means  of  pure  Zn  and  HC1. 


SbH3  comes  off.  Collect  as 
metallic  Sb  on  porcelain  or 
glass  and  identify  the  de- 
posited metal  by  means 
of  GINao  or  dry  HC1  gas. 

Presence  of  Sb. 


The  eesidue  in  the  gene- 
rating flask  consists  of  Zn 
and  Sn. 

Detach  the  precipitated  Sn 
from  the  strips  of  zinc ; 
wash  and  dissolve  in  a 
little  concentrated  HC1  by 
the  aid  of  platinum-foil. 
Dilute  with  water,  and  add 
Hg012.  A white  precipi- 
tate of  Hg'  2C12,  or  of  grey 
metallic  Hg,  is  obtained. 

Presence  of  Sn. 


Solution  contains  As2S3. 
Eeprecipitate  by  adding  HC1. 
Confirm  the  presence  of  As 
by  reducing  with  KCy  and 
CONao2  in  a bulb-tube. 
Metallic  mirror  and  garlic 
odour. 

Presence  of  As. 


dissolve  the  precipitate  in  the  absence  of  CuS  with  S2Am2,  and  in  the  absence  of  HgS  with  SNa2. 
S»Am:,  when  a little  CuS  will  be  found  in  the  solution. 
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Table  III  A.— SEPARATION  OF  THE 


A.  FOH03  is  absent. — Dissolve  tlie  precipitate  from  Group  IIIa.  in  a little  dilute  HC1,  with  the 

is  perceptible.  Filter  off  sulphur  if  necessary.  Nearly  neutralize  solution  with  CONaoo  ; add 
possible.  Pour  off  the  clear  liquid,  which  contains  the  chlorides  of  the  metals  Zn,  Mn,  Ni 
chlorides  ofFe‘v,  Aliv  and  Criv  ; throw  the  precipitate — which  contains  the  hydrates  (and  basic 
hot  water. 


Solution. — Remove  BaCl2  by  adding  a few  drops  of  dilute  S02Ho2 ; boil,  allow  to  subside, 
and  filter  off  S02Bao".  Nearly  neutralize  the  filtrate  with  CONao2,  and  add  pure  NaHo, 
till  the  solution  becomes  alkaline ; boil  and  filter. 


The  peeoipitate  may  contain  IKEnlloo,  CoHo2  and  NilToj.  Wash, 
dissolve  in  a little  dilute  HC1 ; nearly  neutralize  with  AmHo ; add 
f C1J  * 

excess  of  -j  QQ^n10  and  a little  acetic  acid  ; pass  a rapid  current  of 
SHj  for  several  minutes  through  the  solution  and  filter. 


Residue. — Dissolve  in  HC1  and  j ; nearly 

neutralize  with  CONaos ; add  a weak  solu- 
tion of  KOy,  so  as  just  to  redissolve  the 
precipitate  first  produced.  Boil  briskly  for 
some  time,  allow  to  cool  (filter  off  any  slight 
precipitate),  and  add  a strong  solution  of 
CINao  ; allow  to  stand  for  some  time  in  a 
warm  place,  as  long  as  a black  precipitate 
forms,  and  filter. 


The  solution  may  con- 
tain zinc  as  ZnNao2. 
Add  SH2.  White 
precipitate  of  ZnS. 

Presence  of  Zn. 


The  solution  con- 
tains the  manganese 
as  acetate. 

Add  AmCl,  AmHo  and 
SAm2. 

Flesh-coloured  preci- 
pitate of  MnS. 

Presence  of  Mn. 


Peeoip.  — Ni2Ho6. 
Confirm  by  heating 
a small  portion  of 
' it  on  a borax-bead 
before  the  blowpipe 
flame.  ■ 

A yellowish  to  sherry- 
red  bead. 

Presence  of  Ni. 


The  solution  con- 
tains the  cobalt  as 
K(iCo2Cy12.  Evapo- 
rate to  dryness,  and 
test  a little  of  the 
residue  before  the 
blowpipe  flame  on  a 
borax  bead. 

A blue  bead  in  both 
flair  es. 

Presence  of  Co. 


Nnfp  1 Tf  no  nure  NaHo  can  be  procured,  a comparative  test  should  be  made,  by  acidulating  a 

precipitating  it  with  dilute  HC1  and  AmHo.  If  the  amount  of  precipitate  thus  obtained 
whether  A1  be  present  or  not  in  the  mixture. 
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METALS  OF  GROUP  IIIa. 


addition  of  a few  small  crystals  of  Digest  at  a gentle  heat,  as  long  as  any  chlorous  odour 

COBao"  and  shake  well.  Allow  to  subside  in  a flask  kept  corked,  to  exclude  the  air  as  much  as 
and  Co,  as  well  as  BaCl2,  arising  from  the  double  decomposition  of  the  COBao",  by  the 
salts)  of  Feiv,  Aliv  and  Cri'r,  as  well  as  the  excess  of  COBao"  employed — on  a filter  and  wash  with 


Peecipitate. — Dissolve  in  dilute  HC1 ; remove  the  BaCl2  thus  formed,  by  dilute  S02Ho2  and 
filter.  Nearly  neutralize  the  filtrate  with  CONao2,  and  add  pure  NaHo  (free  from  alumina) 
(Note  1)  in  excess,  and  boil  for  some  time.  Fe2Ho6  and  Cr2Ho6  are  precipitated.  Al2Ho6 
dissolves  in  excess  of  NaHo. 


Peecipitate. — Fuse  with  fusion-mixture  and  N02Ko  on  pla- 
tinum foil.  Dissolve  the  alkaline  chromate  which  is  thus 
formed  in  hot  water,  and  filter. 


Solution. — Acidulate  with  di- 
lute HOI  and  add  AmHo 
in  slight  excess. 

White  gelatinous  precipitate. 


Residue.— Dissolve  in  dilute 
HC1  and  add  K4FeCy6. 

A precipitate  of  Prussian 
blue. 

Presence  of  Fe. 


Solution,  yellow.  Confirm  by 

)C/IT- 

CO  Ho  an<^ 


adding  ( | -0-0"- 

Yellow  precipitate  of 
CrOoPbo". 


Presence  of  Al. 


Dilute  and  test  the  original 
HC1  solution  specially  for 
Fe"  and  Feiv  by  means  of  a 
solution  of  3yEn2Or,Ko2,  as 
well  as  by  means  of  E^FeCy,;, 
K6Fe2Cy12,  or  CyAms. 


Presence  of  Cr. 

Test  the  original  substance 
specially  for  Cr203  and 
Cr03,  by  boiling  a small 
portion  with  GONao2.  The 
filtrate  contains  the  chro- 
mate, and  the  residue  the 
Cr203.  The  latter  may  be 
converted  into  a soluble 
alkaline  chromate  by  fusion 
with  CONao2  and  N02Ko. 


quantity  of  sodic  hydrate,  about  equal  in  bulk  to  that  employed  for  redissolving  the  alumina,  and 
from  the  reagent  alone,  at  all  equals  that  of  the  Al2lIoc  precipitate,  it  must  remain  doubtful 
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Table  III  B.— SEPARATION  OF  THE 


]3.  I* Olio 3 is  present. — Dissolve  the  precipitate  obtained  according  to  tlie  directions  given  in 
{ OEo’  ^ necessary.  Digest  at  a gentle  beat,  as  long  as  any  chlorous  odour  is  perceptible. 

metals  Zn,  Mn,  Ni,  Co,  Allv,  Crlv,  Few,  as  well  as  phosphates  of  Criv,  Allv,  Ba,  Sr,  Ca,  and 

and  | as  long  as  a precipitate  is  produced.  Heat  gently,  and  filter  hot. 


The  solution  may  contain  the  chlorides  of  Al,  Cr,  Zn,  Mn,  Ni,  Co  (Ba,  Sr,  Ca,  Mg),  as  well  as 
the  phosphates  of  the  alkaline  earthy  metals.  Add  Fe2Cl6  (Note  2),  drop  by  drop,  as  long 
as  a precipitate  forms  and  till  the  colour  of  the  supernatant  fluid  becomes  red.  The  re- 
maining phosphates  of  the  alkaline  earthy  metals  are  thus  decomposed.  Digest  for  some  time 
at  a gentle  heat ; allow  to  subside  and  filter  hot.  Wash  with  hot  water. 


The  solution  •ontains  now  only  chlorides— possibly  of  all  the  metals  of 
Group  III,  as  well  as  of  the  metals  of  the  alkaline  earths— the  whole 
of  the  phosphoric  acid  having  been  eliminated.  Add  AmCl,  ArnHo 
and  SAm2.  A black  precipitate  is  obtained.  Filter. 


The  precipitate  con- 
sists of  P202Fe2o'li'1 
and  ferric  acetate. 
Neglect. 


Solution. — Add  COAmo2. 


A white  precipitate 
which  may  be — 
COBao", 
COSro", 
COCao". 

Examine  by  Table  IV 
(without,  however, 
mixing  it  with  the 
precipitate  obtained 
in  Group  IV). 


Solution  may  contain 

Mg.  Add 
3?OHoNao2. 
White  erystallino  pre- 
cipitate. 

Presence  of  Mg. 

(as  phosphate.) 


Examine  precipitate 
according  to  Table 
IIIa  for  Co,  Ni,  Mn, 
Zn,  Al  and  Cr. 

Test  a portion  of  the 
original  substance, 
dissolved  in  water  or 
1IC1,  for  Fe"  and 
Felv. 


/ i Tesl  a nortion  of  this  hydrochloric  acid  solution  with  amnionic  molybdate  for 

c »»■/  “d  * *rrT^ 

w . 9 T r re^Clr  produces  no  further  precipitate  with  a portion  of  the  acetic  acid  solution, 

Ca' and ^Ml°^n£icas?SobfSrfc  the 

reprecipitated. 
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METALS  OF  GROUP  IIIb. 

the  General  Table  under  Group  III  B.,  in  dilute  HC1,  with  the  addition  of  a few  crystals  of 
Filter  off  sulphur,  if  necessary  (Note  1).  The  solution  may  now  contain  the  chlorides  of  the 

Mg.  Nearly  neutralize  with  a dilute  solution  of  CONao2 ; then  add  a solution  of  j jjONao 


Tiie  precipitate  may  consist  of  P202Fe2ovl,  P202Al2ovi  (Note  3),  P202Cr2o.  on  ^ ]0 

filter.  Fuse  in  a platinum  crucible  with  Si02  and  pure  fusion  mixture,  together  with  a little 
2tf02Ko.  Dissolve  in  hot  water,  add  COAmo2  ; digest,  allow  to  subside  and  filter. 


Residue  may  consist  of  SiHo4,  Si303Fe2o''i,  Si303Al2oTi  and  Fe2HoG. 
Acidulate  with  HOI ; evaporate  to  dryness  and  ignite  gently.  Extract 
with  a few  drops  of  concentrated  11 01  and  hot  water.  Filter. 

Solution. — Add 
{ COHo  and 

({  coVbo" 

Solution. — Nearly  neutralize  with  CONao2,  and 
add  pure  NaHo  in  excess.  Heat  and  filter. 

Residue  Si02. 
Neglect. 

Yellow  precipitate. 
Presence  of  Cr03,  and 
therefore 

Presence  of  Cr. 

(as  phosphate). 

A white  precipitate  of 
F202Pbo"3  indicat- 
ing the  presence  of 
POHo3,  may  be  neg- 
lected. 

Residue. — Fe2Ho6. 
Confirm  by  dissolv- 
ing in  HC1  and 
adding  CyAms.  A 
blood-red  colour. 

Presence  of  Fe 

(as  phosphate) . 

Solution. — Acidulate 
with  dilute  HC1  and 
add  AmHo  in  slight 
excess. 

A white  gelatinous  pre- 
cipitate. 

Presence  of  Al 

(as  phosphate ). 

• 

phosphoric  acid.  The  absence  of  a yellow  precipitate  proves  that  no  phosphates  of  Al,  Cr,  Ba,  Sr, 
SAm,.  Proceed,  therefore,  to  examine  the  solution  at  once  by  Table  IIIa. 


it  is  obvious  that  no  phosphates  of  the  alkaline  earthy  bases  are  left,  the  Pe2Cl6  derived  from  the 
of  the  alkaline  earthy  metals  in  an  acetic  solution  into  ferric  phosphate  and  chlorides  of  Ba,  Sr, 
examination  of  the  filtrate  may  at  once  be  proceeded  with  according  to  Table  IIIa. 
is  rarely  met  with)  may  also  be  ascertained  by  boiling  the  precipitated  phosphates  of  Fe  and  Al 
Fe2Ho6.  Filter.  Icidulate  the  filtrate  with  dilute  HC1 ; add  AmHo,  when  P202A12ov1  is 
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EXAMINATION  FOR  ACIDS. 

Before  proceeding  to  the  examination  for  acids,  the  analyst  will 
do  well  to  consider  carefully  which  acids  can  possibly  he  combined 
with  the  bases  present.  A perusal  of  the  Table  of  Solubility  of 
Salts,  given  in  the  Appendix,  will  materially  aid  him,  and  will  pro- 
bably save  him  much  labour  and  time.  _ _ . . n 

Some  acids  are  detected  on  examining  for  bases,  viz.,  AS2U,, 
So  n SiO„  and  POHot  in  combination  with  metals  ot  Ixroup  ill 

f„a  w crhat  co,'  sh,  boh*,  bsoh*  ciiio.  hoh.  ft. 

six  lastly  mentioned  acids  on  dissolving  the  substance  m dilute  HO  , 

01  °A  'careful  preliminary,  examination  for  acids  will  probablylend 
to  the  detection  of  a further  number  of  acids,  e.g.,  of  HI,  j OH0’ 

IIBr,  { g*  and  { gg,  NOJIo,  (NOHo),  HC1,  (ClHo),  HF, 
l OHo  L f CH,  , f COIIo 

HCy,  IRFeCyo,  H0Fe2Cy12,  Cyllo  and  CyHs,  [ C0Bo  and  { COHo- 

The  presence  of  other  organic  acids  isHikewise  indicated.  When 
more^than  one  of  these  acids  is  present,  the  detection  is  somewhat 
more  difficult,  and  the  results  obtained  by  a prelminary  exammati 
for  acids  require  to  be  carefully  confirmed  by  the  examination  of  the 
solution  Thus  a chloride  in  the  presence  of  a mtiate,  wlieu 
treated  with  concentrated  S02Ho2,  evolves  chlorine  and  red  fumes 

HOI  w“  tlCJd°S  SO& 

HC1,  evolve  SH2,  with  separation  of  sulphur.  S02  and  bH2,  wlic 

evolved  simultaneously,  destroy  each  other,  etc.  indication 

When  the  preliminary  examination  gives  no  ^istmct  rndma^o 
of  the  presence  of  any  of  the  acids  just  mentioned,  S02Ho2,  BHo3, 

POTTn,  SiOc  will  have  to  be  looked  for. 

° The  analyst  will  have  to  bear  in  mind  that  acids  cannot  be 

detected  in  the  same  systematic  order  as  bas"8’ 

therefore,  never  to  be  satisfied  till  he  has  confirmed  the  piesence 

ncids  by  the  most  characteristic  speciai  tests. 
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A gelatinous  mass  or  a flaky  powder  is  left. . SiHo4  from  soluble  silicates,  or  from  sili- 
cates, decomposable  by  acids. 

Scaly  crystals  separate,  possessing  a pearly  BHo3. 
lustre 
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Preparation  op  Solutions  for  Acids, 

Great  care  ought  to  he  bestowed  upon  the  preparation  of  the 
solutions  required  for  the  examination  of  acids.  On  boiling  a por- 
tion of  the  substance  under  examination  with  COXao2  nearly  all  the 
metals  other  than  alkalies  are  precipitated  in  the  form  of  carbonates, 

basic  carbonates,  or  oxides.  . 

(It  is  necessary  to  decompose  tlie  salts  first  in  order  to  prevent  the  precipita- 
tion by  the  several  reagents  employed  for  the  detection  of  acids  in  the  wet  way, 
e q of  Ba,  Sr,  Ca,  or  Pb,  on  the  addition  of  S02Cao"  or  S02Mgo  ; of  Ag, 
'jjg/  or  pb,  by  BaCl2  or  CaCl2;  of  Fe  and  others  by  AmHo,  etc.,  etc.) 

b The  precipitate  produced  by  CONao2  (which  reagent  ought  to 
be  added  in  the  least  possible  excess)  is  filtered  off,  and  the  filtrate 
tested  with  a few  more  drops  of  CONao2.  If  no  further  precipita- 
tion takes  place,  the  solution  is  heated  to  boiling,  and 

1.  Dilute  HC1  added  to  a portion  of  it,  as  long  as  C02  is  evolved, 
and  till  the  solution  is  rendered  distinctly  acid. 

(Small  quantities  of  S02Nao2  and  NaCl  are  almost  invariably  contained  in 
the  commercial  CONao3 ; it  is  therefore  necessary  to  tost  a portion  of  the 
aqueous,  or  II Cl  solution  of  the  substaneo,  prepared  without  the  intervention  of 
CONao.,  for  S02Ho2  by  means  of  Ba012.  A nitric  acid  solution  of  the  ongina 
substance  is  in  liko  manner  tested  for  HC1  by  adding  N02Ago.) 

2.  Another  portion  of  the  alkaline  filtrate  is  rendered  acid  by 

means  of  dilute  N02Ho  and  boiling.  CH 

3.  A third  portion  is  rendered  acid  by  means  of  dilute  j Cq|j0  ; 

and  lasttyfourth  fci(m  0f  the  alkaline  solution  is  carefully  neu- 
tralized by  first  adding  dilute  N02Ho,  drop  by  drop  and  boiling, 
as  lono-  as  C02  is  evolved,  and  till  the  solution  is  distinctly  acid  to 
test-paper : then  by  adding  a few  drops  of  very  dilute  AmHo,  till 
the  solution  gives  a neutral  reaction  with  blue  and  red  litmus- 
■oaners  The  strictest  attention  should  he  paid  to  these  directions,  and 
the  least  possible  excess  of  either  acid  or  alkali  should  be  employed 
since  the  precipitation  of  several  acids  is  prevented  by  the  formation 
of  an  ammonic  salt  in  anything  like  large  quantities,  on  account  of 
the  formation  of  a soluble  double  salt,  e.g.,  ammonic  calcic  tartrate, 

the  preliminary  examination  for  bases  has  shown  the  presence 
of  ammonic  salts,  it  is  necessary  to  decompose  them  by  boiling  with 

caustic  Hallo,  before  preparing  Solution  IV.  » 

Ebullition  or  fusion  with  CONao2  decomposes  the  phosphates  of 
the  alkaline  earths  but  very  imperfectly,  and  the 
combined  is  invariably  detected  by  means  of  Mo02Amo2.  (Oomp. 

Til1Tf  nllfnic  acids  are  present  in  combination  with  heavy  metals 
(vi  “£L  of  Groups  I L ID,  SH,  sWd  bo  passed  through  fto 
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alkaline  by  means  of  a few  drops  of  NaHo  and  tested  by  means  of 
CaCl2  (ammonic  salts  should  be  carefully  avoided). _ 

No  further  notice  need  be  taken  of  the  following  acids  : CC2, 

SH2,  SO*  NOHo,  ClHo,  { coHo’  since  they  can  be  detected  with 
certainty  by  a preliminary  examination,  and  as  they  would,  for  the 
most  part,  be  lost  on  acidulating  the  solutions. 

Portion  Acidulated  with  HC1. 

S02Ho2. — On  the  addition  of  BaCl2  a white  precipitate,  insoluble  on 
boiling. 

SiHoi. — On  the  addition  of  AmCl  or  COAmo2  a gelatinous  pre- 
cipitate, requiring  no  further  confirmation,  since  Si02  is  left 
on  evaporating  the  filtrate  from  Group  II  with  N02Ho. 
IIiFeCy6. — -On  the  addition  of  Fe2Cl6  a deep  blue  precipitate. 

S02Peo"  light  „ 

HGFe2Cyi2. — ,,  ,,  ,>  dark  deep  ,,  ,, 

„ ,,  Fe2Cl8  a brown  coloration  only. — If 

both  acids  are  present,  filter  off,  after  adding  Fe2Cl8,  and 
observe  the  colour  of  the  filtrate.  On  the  addition  of  SnCl2, 
or  SOHo2,  to  the  filtrate,  a blue  precipitate  is  immediately 
obtained,  confirmatory  of  the  presence  of  H6Fe2Cyi2. 

CyHs. — Fe2Cl6  produces  a blood- red  coloration,  which  is  destroyed 
by  HgCl2  and  not  by  HC1  (the  red  colour  which  acetic  acid 
imparts  to  a solution  of  Fe,Cl6  is  destroyed  by  HC1). 
2HF,SiF4. — On  the  addition  of  BaCl2  a gelatinous  translucent 
precipitate  of  BaF2,SiF4  is  obtained,  which  is  decomposed  by 
strong  acids.  Confirm  by  heating  the  precipitate,  when 
volatile  SiF4  is  given  off.  AmHo  precipitates  gelatinous 
SiHo4  with  formation  of  AmF,  BaF2  and  OH2. 


Portion  Acidulated  with  N02Ho. 


HC1. — On  the  addition  of  N02Ago  a white  curdy  precipitate, 
soluble  in  AmHo.  For  the  distinction  between  hydrochloric 
and  chloric  acids  comp.  p.  121. 

HBr. — On  the  addition  of  N02Ago  a yellowish- white  precipitate, 
difficultly  soluble  in  AmHo.  Confirm  by  adding  chlorine 
water  to  the  original  solution,  and  shake  up  with  ether. 
Bromine  dissolves  to  a yellowish-red  liquid. 


{ Olio' — On  the  addition  of  N02Ago  a white  amorphous  precipi- 
tate, little  soluble  in  water  and  dilute  N02Ho,  easily  solublo 
in  AmHo. — AgBr  and  | q^0  may  be  separated  by  wash- 
ing with  water.  Argentic  bromate  being  soluble  may  be 
detected  in  the  solution  by  the  addition  of  SOHo2,  when  a 
precipitate  of  AgBr  is  obtained. 

For  the  distinction  between  HBr  and  HGl,  comp,  page  125. 
HI. — On  the  addition  of  N02Ago  a yellowish  white  precipitate, 
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scarcely  soluble  in  AmHo.  Confirm  by  the  blue  colour  im- 
parted to  starch  paste  by  the  iodine  liberated  by  N,03  gas. 

{ OHo' — 0]1  addition  of  N 0 . Ago  a white  precipitate  of  | Q^g0» 

sparingly  soluble  in  dilute  N02Ho,  soluble  in  AmHo  (Agl 
is  insoluble),  whence  Agl  is  precipitated  on  the  addition  of 
SOHo2.  On  adding  acetic  acid  to  a mixture  of  an  iodide 
and  iodate  the  former  is  instantly  decomposed,  iodine  being 
set  free, — most  readily  recognised  by  the  delicate  iodide  of 
starch  reaction. 

Distinction  between  HCl  and  HI. — HC1  in  the  presence  of 
HI  cannot  be  distinguished  in  the  same  ready  manner  as 
HC1  in  the  presence  of  HBr.  The  two  acids  are  preci- 
pitated by  NOAgo.  The  precipitate  is  digested  with  AmTIo 
and  filtered,  Agl  being  insoluble  in  AmHo.  Dilute  N02Ho 
reprecipitates  white  AgCl  from  the  filtrate. 

Distinction  between  IIGl,  HBr , and  III.  —Precipitate  the 
HI  as  Cu.I2  by  means  of  SO,Cuo’'  and  S02Eeo''  or  SOHo2, 
and  lilter.  Remove  the  cupric  and  ferric  salts  by  a little 
pure  Nallo,  evaporate  the  filtrate  to  dryness,  and  examine 
for  HC1  and  HBr  by  testing  one  portion  for  HOI  with 
Cr206Ko2  and  S02TIo2,  and  another  for  HBr  by  chlorine- 

water  and  ether.  . ., 

HCy  — On  the  addition  of  N02Ago  a white  curdy  precipitate, 

soluble  in  AmHo  and  alkaline  cyanides. 

In  order  to  distinguish  HCy  in  the . presence  of  HOI,  inter 
off  precipitate,  wash  well,  and  ignite  in  a porcelain  crucible 
to  red  heat.  Dissolve  the  metallic  Ag  left  by  the  decom- 
position of  AgCy  with  a little  hot  N02Ho,  and  test  the 
clear  solution  with  HOI.  A curdy  white  precipitate  indicates 
HCy.  Confirm  also  by  the  reaction  with  ferroso-fernc  salts, 
KHo  and  IiCl  in  a fresh  portion  of  the  solution. 

Distinction  between  HOI,  HBr,  III,  and  H Gy.  Tes 
specially  for  HCy,  before  proceeding  to  the  examination  ot 
the  other  acids  as  described,  by  treating  a small  quantity 
of  the  mixed  salts  in  a porcelain  dish  with  very  dilute 
SOTIoj,  and  causing  the  evolved  ITCy  to  act  upon  a drop 
of  NOAgo,  or  a little  S2Am2,  contained  111  a second  por- 
celain dish,  inverted  over  the  one  containing  the  mixed 
salts.  A white  precipitate  of  AgCy  is  obtained ; or  the 
CyAms  which  is  formed  gives  a blood-red  colour  with  ferric 
salts,  affording  equally  conclusive  evidence  of  the  piesence 

of  HCy. 

HJ^eCye  \ are  likewise  precipitated  on  the  addition  of  N02Ago, 

H,Fe’CInd are  insoluble  in  dilute  NOaHo.  Tl,e  first  and  second 
form  salts  winch  are  insoluble  in  AmHo,  whilst 
is  readily  soluble.  These  acids  are,  however,  best  detected 
the  portion  acidulated  with  IIC1. 
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No  other  cyanogen  compound  but  a cyanide  gives  off  HCy  when 
treated  with  very  dilute  S Officio,  and  it  is  therefore  possible  also  to 
distinguish  UCy'in  the  presence  of  CyHs,  CyHo,  H4FeCy6,  H6Fe2Cy12. 


Portion  Acidulated  with 


/ch3 

\ COHo’ 


HF. — On  the  addition  of  Ca012  a white  gelatinous  precipitate. 
S02Ho2  is  likewise  precipitated  by  CaCl2  in  an  acetic  acid 
solution ; it  is  therefore  necessary  invariably  to  test  specially 
for  HF,  by  etching  on  glass. 


/COHo 
\ COHo’ 


-On  the  addition  of  S02Cao"  a white 


precipitate  of 


{ 


CO 

CO 


Cao"  is  obtained, 


which  on  ignition  leaves  COCao", 


soluble  with  effervescence  in 


CH3 

COHo' 


(Calcic  fluoride  is  not 


affected.) 

Cr02Ho2. — On  the  addition  of  plumbic  acetate  a yellow  precipi- 
tate. 


POH03. — On  the  addition  of  Fe2Cl6  a yellowish-white  gelatinous 
precipitate  from  a solution  of  a soluble  phosphate,  or  a phos- 
phate decomposable  by  boiling  with  CONao,.  Arsenic  acid, 
if  present,  should  be  first  removed  by  means  of  SPI2. 


Portion  Rendered  Neutral. 

THo2. — On  the  addition  of  CaCl2  a white  precipitate,  soluble  in 
AmCl  or  coldKHo. — S02Ho2,  j JjOHo  HF,  POHo3,  AsOHo* 

BHo3,  S1H04,  C02,  SOHo2,  are  likewise  precipitated  by  CaCl2 
from  a neutral  solution,  and  THo2  can  obviously  be  detected 
only  by  further  special  tests  in  the  presence  of  any  of  these 
acids.  The  most  characteristic  reaction  consists  in  warming 
some  TAgo2,  dissolved  in  very  little  dilute  AmHo,  in  a water- 
bath,  until  a bright  mirror  of  metallic  silver  is  obtained  on 
the  sides  of  the  test-tube. 

CiHo3. — On  the  addition  of  CaCl2  no  precipitate  is  obtained  till 
excess  of  AmHo,  or  CaHo2,  has  been  added  and  the  solution 
boiled. 

The  detection  of  tartaric  and  citric  acids — indicated  during 
the  preliminary  examination  by  a strong  odour  of  burnt  sugar 
—requires  great  care  and  strict  attention  to  the  few  points  of 
distinction  which  exist  between  them.  The  precipitate  pro- 
duced by  CaCl2  in  tho  cold  should  be  filtered  off,  and  the 
filtrate  tested  for  CiHo3,  by  adding  a drop  of  AmHo  and 
boiling,  when  a fresh  precipitate  of  calcic  citrate  is  obtained. 
CiAgo3  dissolved  in  dilute  AmHo,  forms  a less  lustrous 
mirror,  and  only  after  boiling  for  a long  time. 
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BHo3. — CaCl2  produces  from  a concentrated  solution  of  a borate  a 
whitish  precipitate  soluble  in  AmCl.  Boric  acid  is  also  indi- 
cated in  the  preliminary  examination  by  the  swelling  up  ot 
some  of  its  saline  compounds,  and  the  precipitation  of  a con- 
centrated solution  of  a borate  with  concentrated  S02Ho3  or 

HC1. 

More  delicate,  however,  is  the  reaction  which  boric  acid 
gives  with  turmeric  paper,  and  the  colour  which  boric  fluoride 
imparts  to  the  flame.  (Comp,  page  131  and  142.) 

BzHo. — On  the  addition  of  Fe2Cl8  a pale  yellow  precipitate.  Con- 
firm by  the  reactions  which  a benzoate  gives  in  the  prelimi- 
nary examination,  since  a precipitate  of  Fe2Ho8  is  frequently 
mistaken  for  ferric  benzoate,  owing  to  imperfect  neutraliza- 
tion. 

SulIo2. — On  the  addition  of  Fe,Cl0  a reddish  brown  precipitate. 

For  ilie  distinction  between  benzoic  and  succinic  acids,  com- 
pare page  163. 
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REACTIONS  OF  THE  RARE  METALS. 

Metals  are  termed  rare  when  they  occur  in  nature  to  a limited 
extent,  and,  for  the  most  part  only,  in  certain  minerals,  md  n 
certain  localities.  Some  of  the  heavy  metals,  possessing  very  little 
affinity  for  oxygen,  such  as  Palladium,  Rhodium,  Osmium,  Ruthe- 
nium, and  Iridium,  are  found  native,  and  associated  with  the  native 
metals  Platinum,  and  Gold.  Others  are  found  in  combination  with 
oxyqen,  such  as  Titanium,  Uranium,  Tantalum,  and  Niobium  ; with 
sulphur  or  arsenic,  such  as  Tungsten  or  Wolfram,  Molybdenum, 
Vanadium,  Thallium,  and  Indium. 

Others,  especially  the  rare  metals  usually  classified  among  the 
so-called  light  metals,  having  a specific  gravity  for  the  most  part  of 
less  than  5,  and  yielding  insoluble  oxides  which  are  mostly  specifi- 
cally heavier  than  their  metals,  such  as  Glucinum,  Zirconium,  Tho- 
rium, Cerium,  Lanthanum,  Didymium,  Yttrium,  Erbium,  are  chiefly 
met  with  in  nature  as  oxides,  in  combination  with  silica  (sometimes 
combined  with  titanic,  niobic,  and  tantalic  acids)  ; and  lastly,  the 
rare  metals  of  the  so-called  alkali  group,  whose  oxides  possess  the 
most  pronounced  basic  character  and  are  soluble  in  water,  such  as 
Lithium,  Rubidium,  and  Caesium,  are  chiefly  met  with  as  salts,-— ■ 
carbonates,  phosphates,  or  silicates — and  in  a soluble  condition,  in 
sea-water,  or  in  certain  mineral  springs. 

The  rare  metals  cannot  be  studied  with  advantage,  without 
taking  into  account  them  mineralogical  associations  ; and,  as  many 
of  them  have  as  yet  been  imperfectly  investigated,  they  present 
difficulties,  to  be  overcome  only  by  careful  attention,  not  merely  to 
the  distinctive  analytical  features,  but  to  their  general  chemical 
history. 

The  following  is  the  analytical  position  assigned  to  these  metals 
by  the  various  group  reagents  : — 

Group  I.  Precipitated  by  ECl Tungsten,  as  tungstic  acid  ; 

niobium,  as  niobic  acid ; thallium,  as  chloride ; 
(tantalum,  as  tantalic  acid,  and  molybdenum,  as 
molybdic  acid,  are  soluble  in  excess  of  HC1). 

Group  II.  Precipitated  by  SE2,  from  a ECl  solution,  as  sul- 
phides : — 

(A.)  Insoluble  in  yellow  ammonia  sulphide: — 
Palladium,  rhodium,  osmium,  and  ruthe- 
nium. 
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(B.)  Soluble  in  yellow  ammonia  sulphide : — Gold, 
platinum,  iridium,  molybdenum,  tellurium, 
and  selenium. 

Group  III.  Precipitated  by  AmCl,  AmHo,  and  SAm2 : — Ura- 
nium, indium  (thallium),  as  sulphides ; glucinum  or 
beryllium,  thorium,  zirconium,  cerium,  lanthanum, 
didymiura,  yttrium,  erbium,  titanium,  tantalum,  and 
niobium,  as  hydrates.  Vanadium,  precipitated  as 
sulphide , on  adding  HOI  to  the  filtrate. 

Group  IV.  Hone. 

Group' V.  Lithium,  caesium,  and  rubidium. 

METALS  OF  THE  ALKALIES. 

The  alkali  metals,  Caesium,  Rubidium,  (potassium,  sodium,)  and 
Lithium  are  remarkable  for  their  highly  electropositive  character, 
the  powerful  alkaline  nature  of  their  oxides,  and  hydrates,  and  the 
very  general  solubility  of  their  salts.  Caesium  appears  to  be  the 
most  highly  electropositive  member,  whilst  lithium  shows  tbe  least 
electropositive  character.  They  exhibit  analogous  gradations  in 
their  respective  combining  weights,  fusion  points,  specific  gravity, 
action  upon  water,  and  the  solubility  of  their  carbonates,  thus : — 


Caesium.  Rubidium. 

Potassium. 

Sodium. 

Lithium. 

Atomic  weights 

133  85  -5 

39  T 

23 

7 

Fusion-points. . 

— 38-5°  C. 

62  -5°  C. 

96°  C. 

180°  C. 

Specific  gravity 
at  15°  C.  . . . 

| — 1 -516 

•865 

•97 

•59 

.Action  of  the" 

| Decomposes 

Do.,  but  does 
not  generally 
inflame  the 

Do.,  but 

metals  upon 

1 water  in  the  cold,  •?-, 

f the  hydrogen  be- 

Do. 

with  less 
violence. 

water  j 

Solubility  of  1 
the  respective 
carbonates  ..  J 

1 coming  inflamed. 

COCsojj  CORbo2 

COKo2 

hydrogen. 

CONaoe 

COLio2 

J 

Not 

deliquescent. 

Difficultly 
soluble  in 

Highly  deliquescent,  absorbing 

water  speedily  from  the  air. 

water. 

Lithium,  in  fact,  appears  to  form  the  connecting  link  between  the 
alkali  metals,  and  the  metals  of  the  alkaline  earths.  This  is  shown, 
more  especially,  by  the  comparatively  insoluble  nature  of  its  phos- 
phate and  carbonate. 

REACTIONS  OF  THE  RARE  METALS  OF  THE 
ALKALI-GROUP. 

1.  CAESIUM,  Cs.  Atomic  weight,  133.— Occurs  in  very  small  quantities  in 
many  mineral  waters,  as  Chloride,  and  in  a few  minerals  ( Lepido tiles ) ; in  large 
quantities  in  the  rare  felspathic  mineral  Pollux,  found  in  Elba,  said  to  contain 
34  per  cent,  of  Caesia.  , , 

Both  caesium  and  rubidium  were  discovered  by  Bunsen  and  Kirchhoff  in 
1860,  whilst  examining  spectroscopically  the  saline  residue  left  on  evaporating 
large  quantities  of  the  Dwrlcheim  mineral  water.  The  metal  caesium  has  not 
yet  been  isolated,  but  has  been  obtained  in  the  form  of  an  amalgam.  The 
hydrate,  CsHo,  is  very  soluble,  both  in  water  and  alcohol,  and  very  strongly 
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alkaline.  The  carbonate,  COCso2l  resembles  potassic  and  rubiclic  carbonate, 
but  is  soluble  in  5 parts  of  boiling  alcohol.  (Distinction  from  COKo2  and 

CORbo2,  WHICH  AEE  INSOLUBLE  IN  ALCOHOL.) 

REACTIONS  IN  THE  DRY  WAY. 

When  heated  on  platinum  wire,  in  the  inner  flame  of  the  blowpipe,  volatile 
caesium  salts  impart  an  intense  sky-blue  colour  to  the  outer  flame.  (Hence 
the  name  of  the  metal,  from  caesius,  sky  blue.)  When  examined  with  the  aid 
of  a spectroscope,*  principally  two  intensely  sky-blue  lines,  Csa  and  Cs/3,  close 
upon  the  strontium  line,  Sr<5,  are  seen  (together  with  various  other  less  distinctly 
visible  lines  in  the  orange,  yellow,  and  green). 

REACTIONS  IN  THE  WET  WAX. 

Use  a solution  oe  Caesic  Chloride,  CsCl. 

PtCI,  (Platinic  chloritle)  produces  a light  yellow  crystalline  (octahedral) 
precipitate  of  the  double  chloride  of  caesium  and  platinum,  2CsCl, 
PtCI4,  very  difficultly  soluble  in  boiling  water — '377  parts  in  100  of  water.  The 
corresponding  potassic  platinic  chloride  is  dissolved  by  repeated  treatment  with 
boiling  water. 

THo2  (tartaric  acid)  produces  a colourless  transparent  crystalline  precipi- 
tate of  liydric  caesic  tartrate,  THoCso  ; about  8 times  more  soluble  in  water 
than  the  corresponding  rubidium  salt. 

Method  of  Separation  of  Cs  from  Rb. — Sn014,  added  to  a solution  of  the 
chlorides  of  Na,  K,  Li,  Rb,  and  Cs,  containing  free  HC1,  forms  a heavy  white 
precipitate,  consisting  of  nearly  pure  caesic  stannic  chloride,  2CsCl,SnCl4.  By 
recrystallization  from  a hot  hydrochloric  acid  solution,  the  crystals  are  obtained 
pure.  This  reaction  affords  an  easy  method  of  detecting  caesium  in  a mixture  of 
the  alkaline  chlorides. 


* When  elements  in  the  gaseous  condition,  or  vaporized  by  strong  ignition, 
are  analysed  by  means  of  the  spectroscope  (for  a description  of  which  we  refer 
the  student  to  Hoscoe  or  Schellen  on  the  Spectroscope),  they  may  be  dis- 
tinguished from  each  other  by  the  respective  spectra  which  they  give.  The  in- 
tensity of  the  spectra  of  metallic  elements  is  so  much  greater  than  that  of  the 
non-metals,  that  the  latter  are  only  rarely  seen.  The  heat  which  can  be  pro- 
duced by  a good  Bunsen  gas  burner  is  not  strong  enough  to  volatilize  all  elements, 
or  to  heat  their  vapour  highly  enough.  Most  heavy  metals  can  only  be 
volatilized  by  means  of  an  electric  spark,  making  use  of  an  induction  coil,  by 
placing  the  galvanically  precipitated  metals  between  the  electrodes.  In  order  to 
analyse  the  ordinary  gases  spectroscopically,  the  spark  is  passed  through  the 
gases  confined  in  Geissler  tubes. 

It  is  usual  to  employ  the  spectroscope  only  for  the  examination  of  those 
metals,  or  metallic  compounds,  which  can  be  volatilized  by  means  of  the  gas 
flame  from  a good  Bunsen  burner,  such  as  the  alkali  metals,  sodium,  potassium, 
rubidium,  caesium,  lithium ; the  alkaline  earthy  metals,  barium,  strontium, 
calcium  ; and  the  heavy  metals,  thallium  and  indium.  The  compounds  most 
suitable  are  the  chlorides,  nitrates,  chlorates,  perchlorates,  and  carbonates  of 
these  metals.  A small  portion  is  placed  on  the  loop  of  a thin  platinum  wire, 
introduced  into  the  non-luminous  portion  of  “the  flame,  and  the  spectrum 
examined.  The  different  elements  are  distinguishable  by  their  respective  colours, 
as  well  as  by  the  position,  which  their  lines  occupy  in  the  continuous  solar 
spectrum.  The  lines  are  not  all  of  the  same  intensity,  and  therefore  not  equally 
available. 

It  is  only  by  employing  larger  quantities  of  pure  substances,  and  heating 
them  very  intensely,  that  many  of  the  less  prominent  lines  can  be  observed! 
The  accuracy  of  the  reactions  is,  however,  so  great  that  we  can  discover  in  this 
manner  the  merest  traces  of  theso  elements,  and  are  enabled  to  disentangle 
mixtures  thereof,  without  actual  separation.  Spectroscopic  analysis  constitutes, 
in  fact,  a most  valuable  auxiliary  to  chemical  analysis. 
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2.  RUBIDIUM,  Eb.  Atomic  weight,  85'5.— Occurs  widely  diffused  in 
nature,  although  only  in  very  small  quantities,  hi  a large  number  of  minerals,  in 
hepidolites  and  in  mineral  waters,  likewise  in  the  ashes  of  many  plants,  such  as 
tobacco,  coffee,  beetroot,  &c.  The  metal  is  obtained,  like  potassium,  by  heating 
the  carbonate  with  carbon.  It  is  white,  more  easily  fusible  and  convertible  into 
vapour  than  potassium,  and  takes  fire  spontaneously  in  ah'.  Its  oxide,  rubidia, 
OEb2,  is  a powerful  base,  and  its  salts,  like  the  corresponding  caesium  salts,  are 
isomorphous  with  those  of  the  metal  potassium.  The  hydrate,  Eb  i i o,  is  strongly 
alkaline,  and  very  soluble  in  water  and  alcohol.  The  carbonate,  CORbo2  is  a 
deliquescent  salt,  insoluble  in  alcohol. 


REACTIONS  IN  THE  DRY  WAY. 

Volatile  rubidium  salts,  when  heated  on  a platinum  wire  in  the  inner  blow- 
pipe flame,  colour  the  outer  flame  clarlt  rert  (hence  the  name  rubidium,  from 
rubidus,  dark  red).  When  examined  spectroscopically,  two  flai'lf  red  lines, 
IlbS  and  Eby,  on  the  extreme  left  of  the  solar  spectrum  and  close  to  the  potas- 
sium line,  together  with  two  distinctly  violet  lines,  and  several  weaker  lines 
in  the  yellow,  readily  distinguish  rubidium  compounds. 


REACTIONS  IN  THE  WET  WAY. 

A solution  or  Euridic  Chloride,  EbOl  is  employed. 

PtCI.  (piatinic  chloride)  produces  a light  yellow  crystalline  (octahedral) 
precipitate  of  rubldic  platlulc  chloride,  2Eb01,PtCl4,  very  difficultly  soluble 
n boiline  water.  The  solubility  of  the  double  chlorides  of  platinum  and  potas- 
sium, rubidium,  or  caesium  is  respectively  as  5T8,  -634,  and  ' '377  m 100  parts  of 
boiling  water.  (. Method  of  Separation  of  K from  Eb  and  Cs.) 

THo.^  (tartaric  arid)  yields  a white  precipitate  of  liydric  riiliidic  tar- 
trate, 1'HoEbo,  which  is  less  soluble  than  the  corresponding  caesium  corn- 

P°U!s tvaration  of  Caesium  from  Rubidium—  Tho  several  platinum  salts  are  first 
prepared;  and  after  having  been  gently  heated  in  a current  of  hydrogen,  tho 
CsCl  and  EbCl  can  be  separated  from  the  metallic  platinum  by  hot  watei.  ihc 
two  chlorides  are  next  converted  into  carbonates,  by  digestion  with  COAgo2. 
The  solution  can  then  be  evaporated  to  dryness,  and  the  COCsoo  extracted  with 
boiling  alcohol,  COEbo2  being  insoluble.  Or  the  carbonates  may  be  converted 
• ..p- 1 tartrates  by  adding  to  tho  solution  twice  as  much  tartaric  acid  as  is 

necessary  to  neutralise  it.  Tho  two  tartrates  are  separated  by  fractional  crystal- 
lisation, hydric  rubidic  tartrate  crystallising  out  first,  being  about  8 times  more 
insoluble  in  water  than  the  hydric  caeBic  tartrate.  On  ignition,  tho  pure  tai- 
tmte  yields  again  the  carbonate,  from  winch  the  various  salts  may  then  be 

prepared. 


3 UITHIUM,  Li.  Atomic  weight,  7.— Appears  to  be  widely  diffused  in 
i In  nltVimudi  it  is  found,  in  anything  like  quantities,  only  m a few  silicates, 
na1 ^llv t mZ  o*  lepidolite  (2  to  5 per  cent,  of  Li),  in  petalite  and 
espec  y phosphates,  such  as  triphylline,  or  ferrous  [man- 

spodumene,  and  m a jmvnoBi*.  , 3^4  per  cent,  of  Li),  and 

ganous]  been  found  in  many  mineral 

in  a mineral  spring  in  Gornwall-in  sca- 
Krfi^re  ashes  of  various  kinds  of  tobacco,  and  other  plants,  and  in  some 

metT°hretmetal  lithium  is  much  less  oxidisable  than  potassium  aud  sodium.  It 

^atket\a^tgs?u“  slightly^ehow.  “it  is 
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above  its  melting  point  (180°  0.).  The  oxide,  OLi2,  is  not  deliquescent.  The 
metal  is  prepared  by  passing  a powerful  galvanic  current  into  fused  lithic 
chloride. 

REACTIONS  IN  THE  BEX  WAT. 

Lithium  salts  are  more  fusible  than  potassium  or  sodium  salts,  and  impart 
a yer y distinct  carmine  red  colour  to  the  blowpipe  flame,  when  heated  on 
platinum  wire.  An  excess  of  potassium  salt  does  not  materially  interfere  with 
the  production  of  this  colour;  but  the  presence  of  a small  quantity  of  soda,  gives 
rise  to  a yellow  flame.  By  means  of  the  spectroscope  the  occurrence  of  very 
minute  traces  of  lithium  may  be  readily  detected  by  a brilliant  crimson  band, 
Lin,  between  the  lines  B and  C,  and  sometimes  a faint  yellow  line,  if  the  flame 
of  a good  Bunsen  burner  be  employed. 

REACTIONS  IN  THE  WET  WAT. 

We  ehplot  a solution  of  Lithio  Chloride,  LiCl. 

PtCl,  produces  no  precipitate. 

POHoNao2  (tayclric  disodic  phosphate)— but  not  the  corresponding 
potassium  salt — produces  on  boiling  a white  precipitate  of  lithic  phosphate, 
2POLio3  + Aq,  very  little  soluble  in  cold  water,  soluble  in  HC1,  and  reprecipi-' 
tated  only,  on  boiling,  after  neutralisation  with  ArnHo. 

Lithic  Carbonate,  especially  after  having  been  fused,  is  difficultly  soluble 
in  cold  water,  hence  alkaline  carbonates  yield  from  concentrated  solutions  of 
lithium  salts  a crystalline  precipitate  of  lithic  carbonate,  COLio2  (1  part  of  the 
carbonate  requires  100  parts  of  cold  water  for  its  solution,  but  less  of  boiling 
water) . It  is  insoluble  in  alcohol. 

Hydric  lithic  tartrate  is  soluble. 

Lithic  silicofluoridc  is  almost  insoluble. 

Separation  of  Lithium. — -From  potassium,  as  well  as  caesium  and  rubidium, 
it  may  be  separated  by  means  of  PtCl4.  From  sodium,  by  converting  the  two 
alkalies  into  the  chlorides,  evaporating  to  di  yness,  and  treating  the  dried  chlo- 
rides in  a stoppered  bottle  with  a mixture  of  ether  and  absolute  alcohol.  In  the 
course  of  a few  days  the  Li 01  will  be  found  dissolved  out,  NaCl  (like  KC1)  being 
insoluble  in  absolute  alcohol  and  ether. 

Remark. — The  student  will  now  have  no  difficulty  in  construct- 
ing a table  for  the  separation  of  these  five  metals. 

Extraction  of  Lithium  from  Triphtleine. — Dissolve  the  powdered  ore 
in  HC1,  with  a little  N02Ho  (in  order  to  convert  Fe"  into  Feiv),  neutralize  with 
AmHo,  when  P202Fe2ovi,  and  P202Mno"3,  are  precipitated.  The  solution,  on  filter- 
ing, may  contain  some  more  phosphoric  acid,  which  may  be  removed  by  adding 
SBa,  and  filtering  off  the  precipitated  POHoBao2.  On  removing  the  excess  of  SBa, 
with  a few  drops  of  S02Ho2,  and  evaporating  the  filtrate,  and  driving  off  the 
ammonium  salts  by  gentle  ignition,  lithic  chloride  is  left.  The  hydrate  may  be 
prepared  from  this  by  evaporation  with  sulphuric  acid  (so  as  to  obtain  S02Lio2), 
and  addition  of  BaHo2,  and  filtering.  The  excess  of  BaHo2  is  next  cautiously 
removed  from  the  filtrate  by  means  of  S02Ho2.  On  evaporation,  white  crystal- 
line, strongly  alkaline,  lithic  hydrate,  LiHo,  is  left. 


REACTIONS  OF  THE  RARE  METALS  OF 
GROUP  III. 

Group  III  comprises  the  Rare  Metals  Uranium,  Indium  (Thal- 
lium), Glucinum,  Thorium,  Zirconium,  Cerium,  Lanthanum,  Didy- 
mium,  Titanium,  Tantalum,  Niobium,  Yttrium,  Erbium,  and  Vana- 
dium. 
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In  considering  the  reactions  by  which  these  rare  bodies  may  be 
recognized,  we  cannot  do  better  than  avail  ourselves  of  the  classifi- 
cation which  nature  itself  has  traced  out  in  the  groups  of  rare 
minerals  in  which  they  occur.  As  it  is  extremely  difficult  to  com- 
mercially obtain  any  of  their  salts  in  a pure  state,  and  as  the  price 
charged  for  them  puts  them  out  of  the  reach  of  most  students,  it 
will  be  preferable  to  sketch  out  briefly,  also,  how  the  minerals  them- 
selves can  be  made  to  furnish  £he  several  salts,  when  once  the 
mineralogical  character  and  locality  of  the  minerals  have  marked 
them  out  as  likely  to  contain  any  rare  metals. 


(A.)  Bare  metals  precipitated  by  the  group  reagents  AmCl, 
AmHo,  and  SAm2,  in  the  form  of  oxides  (hydrates). 

Besides  the  melals  aluminium  and  chromium,  already  treated  of 
in  the  main  portion  of  the  book,  there  are  : — ■ 


1.  CLUCIJtUM  (Beryllium)  G-l"  (or  Be")-  Atomic  weight,  9'4. — This  metal 
occurs  only  in  a few  minerals,  and  is  found,  very  locally,  as  a Silicate,  in 
phenacite, SiGlo.,  (45  per  cent,  of  GUO),  combined  with  aluminic  silicate;  in 
beryl,  Si6O0Al2oT-IGlo"s  (13'8  per  cent,  ol'  GlO),  and  in  smaragdite,  in  euclase,  and 
some  other  rare  minerals,  such  as  leucophane. 

The  metal  is  prepared,  like  the  metal  aluminium,  from  the  chloride.  It  is 
white,  and  has  a specific  gravity  of  2T.  It  resembles  aluminium  in  dissolving 
in  HC1,  as  well  as  KHo,  with  evolution  of  hydrogen.  Its  oxide  forms  a white 
powder,  insoluble  in  water.  It  may  be  prepared  by  fusing  finely-powdered 
native  silicate  with  4 parts  of  its  weight  of  fusion  mixture,  decomposing  the 
mass  with  HOI,  and  evaporating  to  dryness,  to  separate  the  SiO,,.  From  the 
HC1  filtrate  both  the  A1203  and  GlO  are  precipitated  by  means  of  AmHo.  On 
boiling  the  precipitate,  however,  for  some  time  with  AmCl,  Nll;i  is  evolved,  and 
glueinum  is  dissolved  out  as  chloride,  G 1"(  ':lo.  The  insoluble  ALlIog  remains 
behind.  Pure  glucina  can  then  be  precipitated  from  the  filtrate  by  means  of 
AmHo,  as  gelatinous  hydrate,  GlIIoj,  which  on  ignition  yields  the  white  anhy- 
drous glucina,  GlO,  of  specific  gravity  3'08.  . . . , 

From  the  oxide  wo  can  obtain  the  salts  by  dissolving  in  the  respective  acids, 
or  by  double  decomposition,  from  one  of  its  soluble  salts.  Glucina  resembles 
alumina  inasmuch  as  it  combines  also  both  with  acids  and  bases.  Its  salts  are 
colourless,  and  of  a sweet,  slightly  astringent  taste  ; they  show  an  acid  reaction. 


REACTIONS  IN  THE  DRY  WAY. 

Glueinum  compounds  give  no  characteristic  reactions  in  the  dry  way. 
N0O4C00"  yields  a grey  mass. 

REACTIONS  IN  THE  WET  WAY. 

Use  a solution  of  Glucinio  Sulphate,  S02G1o  • . .. 

The  group  reagents  AmHo  and  SAm2,  as  well  as  the  fixed  caustic  alkalies 
and  alkaline  earthy  bases,  precipitate iglucinic liyilratc,  GlHo3  (flocculent), 
soluble  like  Al.,Hoc,  in  excess  of  the  fixed  alkalies,  but  not  111  ammonia.  On 
boiling’  GlHoo  is  almost  completely  reprecipitated  from  a dilute  Aallo  or  KHo 
solution.  (Distinction  from  A1203.)  Like  ALO:l,  it  is  reprceipituted  also  on 

th° cOAmOo  gives  a white  precipitate  of  glucinic  carbonate,  COGlo",  freely 
soluble  in  excess,  reprecipitated  as  basic  carbonate  on  boiling.  (Distino- 

CONao2,  or  COKo2,  precipitates  likewise  white  carbonate  , soluble  only  in  laige 

excess  of  the  precipitants.  , 

COBao"  precipitates  glueinum  completely,  even  in  the  cold. 
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Besides  these  characteristic  reactions,  we  may  mention  the  difficultly  soluble 
double  sulphate  g^-^Grlo"  + 3Aq,  which  the  readily  soluble  glucinic  sul- 
phate forms,  when  brought  together  with  potassic  sulphate. 

Separation  op  Alo03  peom  GIO. — Dissolve  in  HC1 ; pour  slowly,  and  with 
continued  stirring,  into  a warm  concentrated  solution  of  COAmo2.  A precipi- 
tate forms,  consisting  of  Al.,Ho6,  the  solution  containing  the  glucinum  as  double 
carbonate.  Neutralize  with  HC1 ; boil  and  add  AmHo.  GlHo2  is  precipitated. 


2.  ZIRCONIUM,  Zi-1'-.  Atomic  weight,  89-6— Found  as  Silicate,  chiefly 
in  the  rare  mineral  zircon,  SiZrolv.  The  silicate  is  not  attacked  by  acids,  and 
the  finely  elutriated  substance  must  be  decomposed  by  fusion  at  a high  tempe- 
rature with  fusion  mixture.  The  mass  is  extracted  with  water,  evaporated  to 
dryness  with  HC1,  in  order  to  remove  Si02,  and  to  decompose  the  insoluble, 
sandy-looking  disodic  zirconate,  ZrONao2,  and  is  then  precipitated  with 
ammonia.  The  metal  itself  has  been  obtained  in  white  metallic  looking  scales, 
of  specific  gravity  41,  by  the  decomposition  of  the  double  fluoride  of  potassium 
and  zirconium,  2KF,ZrF4,  by  means  of  metallic  aluminium.  The  hydrate  is  a 
voluminous  white  body,  resembling  Al2Ho6.  It  dries  up  to  yellowish,  trans- 
parent lumps,  ZrHo4,  which  dissolve  readily  in  acids.  On  ignition,  this  hydrate 
loses  its  water,  and  undergoes  a molecular  cliange,  when  the  dioxide,  or  zirconic 
anhydride,  Zr02,  is  no  longer  soluble  in  dilute  acids. 

Zirconium  salts,  obtained  by  dissolving  the  hydrate  in  dilute  acids,  are 
colourless,  and  of  an  astringent  taste. 


REACTIONS  IN  THE  HEX  WAT. 

Of  all  the  earthy  oxides,  Zr02  is  the  only  one  which  remains  entirely  unaltered 
when  submitted  to  the  action  of  the  oxyhydrogen  blowpipe,  and  gives  out  the  most 
intense  and  the  most  fixed  light.  Moistened  with  Na04Coo,/,  and  intensely 
heated,  the  mass  becomes  of  a dirty  violet  colour.  With  borax,  Zr02  yields  a 
colourless  glass  which  becomes  slightly  opaque  when  cold. 


BEACTIONS  IN  THE  WET  WAT. 

Use  a solution  of  Zirconic  Sulphate,  S204Zroiv. 

The  group  reagents,  SAm2,  or  AmHo,  produce  a white  Jlocculent  precipitate 
of  zirconic  hydrate,  ZrHo4,  insoluble  in  excess ; insoluble  also  in  NaHo 
or  KHo  (Distinction  prom  Al  and  G-l). 

KHo,  or  NaHo,  same  precipitate,  insoluble  in  excess,  not  dissolved  by  a boil- 
ing solution  of  Am 01  (Distinction  from  G-l). 

COAmo2  produces  a white  Jlocculent  precipitate  of  a basic  carbonate, 
readily  soluble  in  excess,  reprecipitated  on  boiling  (Distinction  prom 
Al).  1 

COKo2  and  CONao2,  same  precipitate,  redissolves  in  a large  excess  of  COKo2, 
especially  of  COH0K0  (Distinction  prom  Al) . 

COBao"  gives  no  precipitate  in  the  cold,  and  precipitates  glucinum  salts  im- 
perfectly, even  on  boiling. 

Oxalic  acid  gives  a bulky  precipitate  of  zirconic  oxalate  (Distinction 
prom  Al  and  Gl),  insoluble  in  excess,  difficultly  soluble  in  HC1,  soluble  in 
excess  of  ammonic  oxalate  (Distinction  prom  Th). 

IIF  produces  no  precipitate  (Distinction  prom  Th  and  Y). 

SSONao2  precipitates  zirconic  hyposulphite  (SSO)2Zroiv  (Distinction 
prom  Y,  Er,  and  Di).  The  separation  takes  place  on  boiling,  even  in  the 
presence  of  100  parts  of  water  to  one  of  Zr02  (Distinction  from  Ce 
AND  La). 


Zirconic  sulphates,  S204Zrolv,  forms  with  potassic  sulphato  an  insoluble  double 
siUpliate  of  Zr  and  K,  insoluble  in  excess  of  S02Ko2  (Distinction  Prom  A 1 
and  Gl).  When  precipitated  cold,  it  dissolves  readily  in  a large  proportion  of 
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HC1,  but  is  almost  insoluble  in  water,  and  HC1,  when  the  S02Ko2  is  added  to  a 

hot  solution  (Distinction  from  Th  and  Ce).  „■ 

Turmeric  paper,  when  dipped  into  a hydrochloric  acid  solution 
nium  salt,  acquires  a brownish-red  colour  after  drying  m the  water-bath  (Dis- 
tinction from  Th).  But  titanic  acid-the  only  other  metal  which  affects 
turmeric  paper  under  the  same  circumstances— colours  the  paper  5row»,  an  q 
nresence  may  therefore  prevent  the  zirconium  from  being  recognized.  If  the  TiU, 
be  howe^rf first  reduced,  by  means  of  zinc  and  HC1  to  the  state  of  sesqui- 
cldoride-the  reduction  being  marked  m the  solution  by  a change  of  coo 
nale  violet  or  blue— it  no  longer  colours  turmeric  paper,  and  any  change  m 
colour  of  the  latter  is  then  due  to  zirconium  alone.  The  reaction  reqmres  jrea 
care  however,  as,  on  exposure  of  the  paper  to  air,  the  Ti  203,  passing  again  to 
tho  state  of  Ti>'-0.„  would  in  its  turn  colour  the  turmeric  paper,  and  thus  render 

theCeZIn^m^t^ncieS  in  the  behaviour  of  the  zirconium  compounds, 
but  more  especially  the  fact  that  the  specific  gravity  of  zircons  from  various 
localities  differs  greatly,  have  led  chemists  to  suspect  that  Zr02  really  consis  s o 
a mixture  of  two6or  more  closely  allied  oxides,  like  the  metals  of  the  y tnum  and 
cerium  group.  No  method  has,  howevor,  as  yet  been  devised  for  isolating  y 

other  oxide. 


0 Th‘v.  Atomic  weight,  234. — Pound. in  a few  rare  minerals 
only  5f,  “SSto  (prang ite),  consisting  principally  of  a hydrated  silicate 

(88Effi»»p“°seTij  ™dS^n«.d  SO, Ho,  »d  ...»  b?  con- 

1 ! TIPI  Soxide  or  anhydride,  Th02,  is  white  when  cold,  yellow  when 
hot  r&The  moist  hydrate  dissolves  readily  in  acids  ; tho  dned  hydrate  on  y wi 
difficulty.  Thorium  salts  containing  colourless  acids  are  white. 

reactions  in  tiik  dry  way. 

_ , , . j i., fi.o  blowpipe,  remains  infusible  ; it  imparts  no 

ti„B“  aJfllo  givci  . ooU.rU,,  borftx  bed.  It  yield.  no 
reaction  with  N204Coo". 

reactions  in  the  wet  way. 

Use  a solution  of  Thoric  Sulphate,  S204Tho'v. 

SAm2,  or  AmITo  (group  reagents) , precipitates  the  white  gelatinous 

in  6X0688  (DlSTINOTI0N  ™°M  A1 
COA^Os^COKo,.  or  CONtii^  ptoc^iUtoB  W«te_bn8lc 

SMta  (distinction  trom  Al)  F,o„  o .olotion  in  OOAmo, 
thoric  carbonate  is  reprccipitated,  even  at  50  0. 

COBao"  precipitates  thorium  salts from  A1  and  Gl), 
Oxalic  acid  produce*  a :rinPSttiU  acids  ; soluble  in  ammonic 

Y ““  °e>' 

HU  pr.oinit.te. 

pulverulent  after  some  time  ; the  prec.p 

(Distinction  from  AJ,  GO,  at,  "u,Illtc,  (SSO^Tho^,  mixed  with  sul- 

- ->“• (D,s- 

the  whole  of  the  thorium  ^ 1 20II2  (Distinction  from  A1  and  Gl), 

tiiorlc  sulphate  (S02)4  i 
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soluble  with  difficulty  in  cold,  and  also  in  hot  water,  readily  on  the  addition  of 
some  HC1. 


4.  YTTRIUM,  T".  Atomic  weight,  61'7 ; and  5,  ERBIUM,  Er".  Atomic 
weight,  112'6. — These  very  rare  elements  are  only  found  in  a few  minerals,  in 
ytterbyte,  or  gadolinite,  orthite,  yttrotantalite,  etc.  The  metals  have  never  been 
obtained  pure.  Yttrium  and  erbium  always  occur  together  in  nature,  and  closely 
resemble  the  metals  of  the  cerite  group.  They  differ  from  most  other  earths  in 
being  completely  soluble  in  acids,  even  after  ignition,  and  from  the  cerite  oxides, 
by  not  forming  an  insoluble  double  sulphate  with  potassic  sulphate.  In  other 
respects  the  two  exhibit  almost  the  same  behaviour  with  reagents,  and  can  only 
be  approximately  separated  from  each  other.  The  colour  of  the  yttrium  salts  is 
white.  Erbium  salts  have  a more  or  less  bright  rose  tint,  crystallise  readily,  and 
possess  a sweet  astringent  taste.  Anhydrous  YC12  is  not  volatile  (Distinction 
fbom  Ad,  Gl,  and  Zr). 


BEACTIONS  IN  THE  DBY  WAT. 

No  peculiar  reaction  with  borax,  no  colour  to  the  flame,  and  a greyish  blue 
coloured  mass  with  N.j04Coo". 

BEACTIONS  IN  THE  WET  WAT. 

TJse  solutions  oe  the  Niteates,  NqOjYo",  and  NoO^Ero",  and  test  them 
side  by  side. 

SAm2,  or  AmHo  (group  reagents)  precipitates  the  hydrates,  insoluble 
in  excess.  Large  excess  of  SAm2  somewhat  prevents  the  precipitation 
of  y ttric  hydrate. 

KHo,  or  NaHo,  precipitates  white  hydrates,  YHo2,  or  ErHo2,  insoluble  in 
excess  (distinction  eeom  A1  and  Gl).  The  precipitation  of  yttrium 
by  alkaline  hydrates  is  not  prevented  by  the  presence  of  THo2  (dis- 
tinction fbom  Al,  Gl,  Th,  and  Zr),  yttrium  being  slowly  but  completely 
precipitated  as  tartrate,  TYo". 

COKo2,  and  CONao2  precipitate  white  carbonates,  difficultly  soluble  in 
excess,  more  readily  soluble  in  COHoKo,  and  in  COAmo2  (but  not  so 
readily  as  COGlo").  On  boiling  the  whole  of  the  yttria  is  deposited 
(distinction  of  Y fbom  Al,  Gl,  Th,  Ce,  and  Di).  AmCl  decomposes 
COYo",  with  evolution  of  Nld3  and  C02,  and  formation  of  YCL>.  Satu- 
rated solutions  of  COYo",  in  COAjno2,  have  a tendency  to  deposit  the 

double  carbonate,  cOAnio^0”. 

COBao"  produces  with  erbium  salts  no  precipitate,  either  in  the  cold,  or  on 
heating ; and  yttrium  salts  are  but  imperfectly  precipitated  on  heating. 
(Distinction  of  Er  and  Y fbom  Al,  Gl,  Th,  Ce,  JLa,  Di). 

Oxalic  Acid  produces  a precipitate  of  white  yttric  oxalate, 
r 0Q 

1 cqYo",OII2.  (Distinction  of  Y fbom  Al  and  Gl),  insoluble  in 

excess,  difficultly  soluble  in  dilute  HC1,  and  partially  dissolved  by  boiling 
with  ammonic  oxalate.  Erbium  salts  are  likewise  precipitated  as  oxalate, 
f CO 

-j  £QEro",OH2,  in  the  form  of  a light  rose-coloured,  heavy  sandy  powder. 

HF  precipitates  white  amorphous  hydrated  yttric  fluoride,  insoluble 
in  water  and  HF  ; soluble,  before  ignition,  in  mineral  acids ; decom- 
posed only  by  strong  S02Ho2.  (Distinction  of  Y fbom  Al,  Gl,  Zr, 
and  Ti.) 

A cold  saturated  solution  of  S02Yo"  becomes  turbid  between  30° — 40’  C.,  and 
on  boiling,  is  precipitated  almost  entirely. 

S02Ero"  forms  with  S02Ko2,  potassio-crbic  sulphate,  S204Eo2Ero", 
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difficultly  soluble  in  cold  water,  when  hydrated,  but  readily  soluble  in  the 
anhydrous  condition,  and  on  warming. 

Fotassic  yttric  sulphate,  SjCLKooYo",  dissolves  readily  in  water,  and  in 
a solution  of  S02Ko2  (distinction  of  Y and  Er  pboh  Th,  Zr,  and  the  Metals 
or  the  Ceritij  G-eoup). 

When  erbium  nitrate  is  heated  on  a platinum  wire  in  a gas  flame,  it  imparts 
an  intense  greenish  colour  to  the  flame,  which  when  seen  through  the  spectro- 
scope shows  bright  lines  in  the  yellow  and  green,  also  in  the  orange  and  m the 
blue  in  an  otherwise  continuous  spectrum.  These  bright  hues  coincide  with 
certain  black,  so-called  absorption  bands,  which  erbium  gives  when  white  light 
is  passed  through  a concentrated  solution  of  its  salts.  These  absorption-bands 
are  characteristic  for  erbium,  as  yttrium  solutions  show  none,  under  like  circum- 

Sepaeation  op  Y peom  Er. — The  different  solubility  of  the  nitrates  of 
erbium  and  yttrium  in  water  has  been  made  available  for  the  separation  of  these 
two  closely  allied  metals.  On  heating  a mixture  of  their  nitrates  to  incipient 
decomposition,  and  dissolving  the  residue  in  boiling  water,  the  solution  ^ deposits 
on  cooling  rose-red  crystals  of  basic  erbic  nitrate,  N208(Er02)  Ero  , whilst  the 
mother-liquor  contains  chiefly  yttric  nitrate.  By  repeating  this  same  process  ot 
separation  several  times  over,  the  earths  may  be  obtained  pure  by  finally  igniting 
the  nitrates. 


6 CERIUM,  Co"  aud  lv.  Atomic  woiglit,  92.  7.  LANTHANUM,  La". 

Atomic  weight,  92  8.  8.  1IIHYMIUM,  Di  . Atomic  weight,  96.  These  three 

rare  metals  constitute,  like  yttrium  and  erbium,  a group  winch  may  conveniently 
be  studied  together.  The  most  abundant  of  the  few  cerium  minerals  is  eemte,  a 
hydrated  silicate  of  tho  three  metals  Ce,  La,  and  Di,  as  well  as  ot  iron  an 
calcium,  Si[Ceo"Lao"Dio'/Eeo"Cao"]o.  The  finely-powdered  mineral  is  readily 
and  completely  decomposed  by  boiling  with  concentrated  HOI,  or  aqua  iegia  , or 
by  fusion  with  fusion  mixturo  ; or  lastly,  by  boiling  with  concentrated  S02  o2. 


CERIUM— This  metal  exists  both  in  tho  dyad,  pseudo-triad,  and  tetrad  con- 
dition. Thus  it  forms  the  several  oxides 


Ce"0  'Ce'^Oa 

Cerous  oxide.  Ceric  oxide 
(sesquioxide). 


Celv02  and  Ce:)0.|  = Ce0,Ce203. 
Ceric  Ceroso-oeric  oxide,  or 

dioxide.  tnceric  tetroxide. 


Cerous  and  ceric  oxide  arc  both  capable  of  combining  with  acids  to  form  two 
series  of  salts,  of  which  the  cerous  are  the  more  stable  and  most  lmpoi  taut,  lhey 

are  colourless,  or  slightly  amotliyst-rod,  and  acid  to  litmus.  Cerous  chloride  is 

not  volatile  (Distinction  pboh  Al,  G-l,  and  Zr) . Cerous  sulphate  is  not  entire  y 
soluble  in  boiling  water. 


BEACTIONS  IN  THE  DEY  WAT. 

All  cerium  compounds  give  with  borax,  or  microcosmic  salt,  in  the  outer 
flame  a clear  bead  which  is  dark  red  while  hot  (Distinction  peom  the  pee- 
cedino  eaeths),  fainter  or  nearly  colourless  on  cooling.  In  the  inner  flame,  a 
colourless  bead  or  if  ceric  oxide  is  present,  a yellow  opaque  bead  is  obtained. 

»ri  E ‘ffi 

flames, °and  with  microcosmic  salt,  in  the  reducing  flame,  an  amethyst-red  bead, 
inclining  to  violet. 

BEACTIONS  IN  THE  WET  WAT. 

A.  CEROUS  COMPOUNDS -We  employ  a solution  of  Ceeous  Chlo- 
bide,  Oe"Cl2. 
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SAm.i  (group  reagent)  throws  down  tlie  white  cerous  Iiyciratc,  CelIo2, 
insoluble  in  excess.  __ 

AmHo  precipitates  a basic  salt,  insoluble  in  excess  ; the  presence  of  llloo 
prevents  the  precipitation  by  AmHo  (Distinction  mom  Y),  but  not  by 

KEo.or  NaHo,  precipitates  white  cerous  hydrate,  insoluble  in  excess,  which 
turns  yellow  on  exposure  to  the  air,  or  when  acted  upon  by  oxidising 
agents,  such  as  chlorine  water,  soclic  hypochlorite,  &c.,  being  converted 
into  the  yellow  hydrated  ceroso-ceric  oxide,  Ce304,30H2  (Distinction 
FROM  A1  AND  Grl) . 

COKo2,  CONao2,  or  COAmo2,  produces  a white  precipitate  of  cerous  car- 
bouate,  COCeo",  sparingly  soluble  in  excess  of  the  fixed  carbonates, 
somewhat  more  soluble  in  COAmo2  ; insoluble  in  water  and  C03  ; decom- 
posed by  dilute  acids.  - 

COBao"  precipitates  cerium  salts  slowly,  but  completely  on  standing. 

Oxalic  Acid,  or  Amnionic  oxalate,  precipitates  cerium  compounds  com- 
pletely, even  from  moderately  acid  solutions,  as  a curdy  white  precipitate  (turn- 
ing slowly  crystalline)  of  cerous  oxalate,  j ^qCoo",  insoluble  in  excess  of  the 

precipitants  (distinction  from  Zr),  but  soluble  in  a large  excess  of  HOI.  On 
ignition  cerous  oxalate  leaves  yellowish-white  ceroso-ceric  oxide,  Ce304  (Dis- 
tinction tbom  A1  and  Grl,  which  form  soluble  oxalates). 

A saturated  solution  of  potassic  sulphate  ^produces  a white  crystalline  preci- 
pitate of  potassio-cerous-sulpliate,  S204Ko2Ceo",  even  from  somewhat  acid 
solutions  (Distinction  from  A1  and  Gil)  ; difficultly  soluble  in  cold  water, 
readily  soluble  on  heating ; quite  insoluble  in  a saturated  solution  of  S02Ko2 
(Distinction  from  Y and  Er)  ; soluble  in  much  dilute  HC1.  With  dilute 
solutions  the  precipitate  takes  some  time  to  form. 

This  characteristic  precipitate,  as  well  as  the  easily  distinguishable  oxalate, 
and  the  yellow  precipitate  of  ceroso-ceric  oxide — free  from  La  and  Di,  precipitable 
in  the  filtrate  as  oxalates — which  oxidizing  agents  produce,  serve  to  distinguish 
cerium  from  all  other  metals. 

Separation  op  Ce  from  La,  and  Di. — A convenient  method  of  oxidizing 
and  separating  cerous  salts  consists,  according  to  Gibbs,  in  treating  with  Pb02 
and  dilute  N02Ho  (analogous  to  the  oxidation  of  manganous  to  a higher  oxide), 
when  the  solution  turns  yellow,  even  if  only  small  quantities  of  cerium  be  present. 
By  evaporating  the  yellowish  solution  to  dryness  and  heating  sufficiently  to  drive 
off  part  of  the  N02Ho,  so  as  to  form  a basic  ceric  nitrate,  insoluble  in  water  or 
dilute  N02Ho,  lanthanum  and  didymium  can  be  dissolved  out  as  nitrates.  After 
removing  the  plumbic  nitrate  from  the  solution  by  SH2,  the  La  and  Di  are  pre- 
cipitated as  oxalates.  The  residuary  basic  ceric  nitrate  is  dissolved  in  fuming 
N02Ho,  any  lead  removed  by  SH2,  and  the  cerium  precipitated  as  oxalate. 

B.  CERIC  COMPOUNDS. — Salts  of  'Ce'"^,  such  as  the  sulphate, 
oxalate,  etc.,  are  yellow,  and  are  either  difficultly  soluble,  or  insoluble,  in  water 
Dyad  cerium  appears,  in  fact,  to  give  rise  to  more  stable  compounds : thus 
Ce203,  when  heated  with  HOI  does  not  form  Ce2Cl(;,  but  yields  2CeCl2+  Cl2. 

Oxidizing  agents,  such  as  Cl  passed  into  a solution  of  KHo,  containing 
CeHo2  in  suspension,  sodic  hypochlorite,  Pb02  and  N021Io,  Hg-0  and  potassic 
permanganate,  convert  cerous  into  ceric  compounds,  and  furnish  methods  for 
the  separation  of  Ce  from  La  and  Di.  Reducing  agents  produce  the  reverse 
chemical  action.  Cerium  resembles  in  this  respect  iron  rather  than  aluminium. 


LANTHANUM. — This  metal  forms  only  proto-salts,  which  are  colourless, 
when  free  from  didymium  salts,  and  possess  a sweet  astringent  taste.  Lanthanic 
oxide  is  white  and  is  not  altered,  even  by  strong  ignition  (distinction  tbom 
Ce) , being  still  readily  soluble  in  acids.  Both  the  oxide  and  the  hydrate  turn 
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red  litmus  paper  blue.  It  decomposes  ammonium  salts,  in  solution,  on  boiling 
with  evolution  of  NH3.  Lanthanum  resembles  in  this  respect  magnesium.  A 
solution,  saturated  in  the  cold,  of  lanthanic  sulphate  deposits  a portion  of  the 
salt  already  at  30°  C.  (distinction  from  Ce").  In  its  reactions  lanthanum 
closely  resembles  cerium. 


BEACTIONS  IN  THE  WET  WAY. 

Use  a solution  of  Lanthanic  Chloeide,  La"Cl2. 

SAnio,  or  AmEo,  precipitates  basic  salts  which  pass  milky  through  the  filter, 
on  washing. 

KHo,  or  NaHo,  precipitates  lanthanic  hydrate,  IiaHo2,  insoluble  in  excess, 
unalterable  in  the  air,  or  in  the  presence  of  oxidizing  agents  (distinction 
feom  Ce). 

COAiuo2  gives  a precipitate  which  is  insoluble  in  an  excess  of  the  precipitant 
(distinction  eeom  Ce). 

COKo2,  or  CONao2,  COBao",  oxalic  acid,  or  potassic  sulphate,  give 
the  sarno  precipitates  as  with  cerium  salts. 

When  the  slimy  precipitate  which  a cold  dilute  solution  of  lanthanic  acetate 
yields,  on  supersaturation  with  AmHo,  is  washed  repeatedly  with  cold  water, 
and  a few  small  crystals  of  iodine  added  to  it,  a blue  coloration  is  produced 
which  gradually  pervades  the  entire  mixture  {characteristic for  La  compounds 
only).  „ 


111  DYMIUM. — This  metal  forms  likewise  only  proto-salts,  coloured  a pure 
pink,  like  the  sulphate,  or  rose-red  ; sometimes  a faint  violet,  like  the  nitrate. 
The  oxide  is  pure  white  and  remains  soluble  in  acids  when  strongly  ignited.  (The 
existence  of  a peroxide  Dilv02  is  doubtful) . In  contact  with  water  it  is  slowly  con- 
verted into  the  hydrate,  without  acquiring  an  alkaline  reaction.  It  rapidly 
attracts  C02,  and  is  readily  dissolved  by  the  weakest  acids.  It  expels  ammonia 
from  ammonium  salts  when  boiled  with  them.  The  ehlorido,  DiCl2,  is  not  vola- 
tile. The  nitrate,  on  heating,  is  converted  into  a basic  salt,  N20(Di02)"sDio" 
+ 5Aq  (Distinction  eeom  La),  which  is  grey  when  hot  and  also  when  cold 
(Distinction  eeom  Er).  A saturated  solution  of  didymic  sulphate  begins  to 
deposit  rod  crystals  of  the  salt  at  53°  C.  until  at  100°  0.,  one  part  of  the  salt 
only  is  held  in  solution  by  50  parts  of  water  (Method  of  sepaeation  of  La 
FEOM  Di).  Didymium  salts  resemble  in  their  chemical  deportment  lanthanum 
and  cerium  salts. 

EE  ACTIONS  IN  THE  WET  WAY. 

We  may  employ  a solution  of  the  Chloeide,  Di"Cl2,  or  Sulphate, 
S02Dio". 

SAm2l  or  AmHo  (group  reagents),  precipitates  basic  salt,  insoluble  in 
AmHo,  but  slightly  soluble  in  AmCl,  with  displacement  of  NH3. 

KHo,  or  NaHo,  precipitates  gelatinous  didymic  hydrate,  DiHo2,  resembling 
Al2Ho6,  but  of  a pale-rose  colour.  It  is  insoluble  in  excess,  and  does  not 
alter  in  the  air. 

COKo2,  CONao,,  or  COAmo2,  produces  a copious  precipitate  ot  didymic  car- 
bonatc,  CODio",  insoluble  in  excess  of  the  precipitants  (Distinction 
feom  Ce),  but  slightly  soluble  in  a concentrated  solution  of  Am  Cl. 

COBao"  precipitates  didymium  compounds  slowly  (more  slowly  than  Ce  or 
La),  and  never  completely. 

Oxalic  acid  precipitates  didymium  salts,  ({  cODio  , + almost  com- 

pletely, annnonic  oxalate  completely.  The  precipitate  is  difficultly  soluble 

in  cold  HC1,  but  dissolves  on  heating.  . ...  , 

A concentrated  solution  of  S02Ko2,  or  better  stdl,  S02Nao2,  precipitates  didj- 
mium  solutions  more  slowly  and  less  completely  than  cerous  solutions,  as  a rose- 
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whlfp  uotassio-didymic  sulphate,  S204Ko*Dio"  + Aq,  slightly  soluble  in  water, 

b,  to  spectroscope,  »d“,  2££S*d  «lu- 

other  parts  of  the  spectrum. 

-Remark—  In  order  to  master  still  more  completely  the  reactions  for  the 
8 eaftl  v metals^ Already  treated  of,  the  student  should  tabulate  them  according 
L tKSme  gHnn  on  page  49,  when  the  slight  differences  which  exist  between 
many  of  their  reactions, W which  often  furnish  the  only  means  for  their  separa- 
tion, are  brought  out  still  more  prominently. 

9 TITANIUM,  Ti"  and  lv.  Atomic  weight  50.— This,  as  well  as  the  two  next 
by  t tgrea’tedrenmtals’  Their  anhydrides,  Ti‘v02,  Ta^206,  and  Nbv206,  are 

as  TlTANATES,  TaNTAEATES,  and  NlOBATES. 

Titanium  is  found  as  Anhydride  (almost  pure)  m the  minerals  Ruti le 

“ (Hence  it.  o’ccurcenc. 

blastfurnace  slags,  as  Nitride,  TiCy2,3Ti3N2,  m bright  copper-coloured  crystals). 

Titanium  forms  several  oxides,  of  which  two  are  known  with  certainty,  and 
one  whose  existence  is  probable,  viz. . 


Ti"0 

Titanous  oxide 
(probable). 


'Ti'"203 
Titanic  oxide 
(sesquioxide). 


Tiiv02. 

Titanic  anhydride. 


The  last  oxide,  acting  as  a weak  base,  and  forming  mostly  very  unstable  salts 
and  likewise  as  an  acid?  is  the  only  one  which  is  of  sufficient  importance  to  be 

8tU  Inmate0  Spare  some  pure  titanic  anhydride,  finely-powdered  rutile  is 
fused  with  3 parts  of  COKo2,  the  fused  mass  powdered  and  treated  with  cold 
later  which  removes  Si02  and  alkaline  silicates,  and  leaves  insoluble  potassic 
titanate  TiOKo2,  together  with  ferric  oxide.  This  is  washed  by  decantation 
or  on  a filter,  with  cold  water,  and  dissolved  in  cold  dilute  HC1.  On  diluting 
considerably  with  water  and  heating  to  boiling,  for  sometime,  the  wliole  of  the 
titanium  is  precipitated  as  meta-titanic  Hydrate,  Ti«OHoj  (Fe  being  held 

in  solution  by  the  acid),  which  differs  from  (ortho)  titanic  acid  in  being  quite 
insoluble  in  all  acids,  except  strong  sulphuric  acid,  whilst  titanic  hydrate  (ob- 
tained by  precipitation  with  alkalies),  of  exactly  the  same  composition,  is  readily 
soluble  even  in  dilute  S02Ho2,  or  HC1.  The  precipitated  meta-titanic  acid  is 
usually  tinged  yellow,  owing  to  some  ferric  oxide  which  is  carried  down  with  it. 
It  is  best  therefore,  to  filter  off,  to  wash  with  a solution  of  ArnCl,  and  redissolye 
the  precipitate  in  strong  S02Ho2.  After  dilution  with  water  it  is  reprecipi- 
tated  once  more  by  long -continued  boiling,  and  is  then  all  but  free  from  iron. 
(Method  oe  separation  prom  Al,  HI,  Y,  and  Th.) 

Another  method  consists  in  fusing  the  titanium  compound  with  6 times  its 
weight  of  SCLHoKo,  till  it  yields  a clear  mass,  soluble  m a,  large  quantity  ot 
cold  water,  acidulated  with  dilute  S02Ho2,  from  which  meta-titanic  acid  is  pre- 
cipitated as  above.  Si02,  if  present,  is  not  attacked  by  SO.HoKo,  and  remains 
in  the  insoluble  residue. 

Pure  Ti02  may  also  be  obtained  by  fusion  with  acid  potassic  fluoride,  and 
dissolving  the  fused  mass  in  dilute  HC1.  Potassic  titanic  fluoride,  2KF,TiF<, 


216 


APPENDIX  I. 


which  is  difficultly  soluble  in  water  (l  part  requires  96  parts  at  14°  C.),  is  col- 
lected on  a filter  and  washed  with  cold  water,  and  purified  by  recrystallisation 
from  boiling  water.  Its  aqueous  solution,  when  precipitated  with  AmHo,  yields 
titanic  Ilydrate,  which  on  ignition  is  converted  with  incandescence  into  pure 
titanic  anhydride — white,  when  only  feebly  ignited,  yellowish  or  brownish, 
when  intensely  ignited. 

Si02,  or  silicates,  containing  traces  of  Ti02,  may  be  decomposed  with  HP. 
S02Ho2  must  likewise  be  added  in  order  to  prevent  a portion  of  the 
titanium  from  being  volatilized  with  the  SiP4. 

REACTIONS  IN  THE  DRY  WAY. 

Titanium  compounds,  when  heated  on  charcoal,  before  the  blowpipe,  are  not 
reduced  to  the  metallic  state  (distinction  erom  In).  Heated  in  a borax  bead 
(on  charcoal) , or  better  still,  in  a bead  of  microcosmic  salt,  pure  Ti02,  or  a 
titanate,  containing  bases  which  do  not  themselves  colour  the  borax  bead,  yields, 
in  the  outer  flame,  a colourless  glass,  but  in  the  inner  flame,  a glass  which  is 
yellow  while  hot,  but  assumes  a violet  colour  on  cooling.  The  reduction  is 
promoted  by  the  addition  of  a little  zinc  or  tin.  If  some  S02Peo"  be  added, 
tho  bead  obtained  in  the  inner  flame,  becomes  blooil-rc«l. 

REACTIONS  IN  THE  WET  WAY. 

Use  a solution  of  Titanic  acid,  in  HC1. 

SAm2,  AmHo,  KHo,  or  Nallo,  alkaline  carbonates,  as  well  as  COBao",  pro- 
duce a bulky  white  precipitate  of  (ortho)tltanic  hydrate,  TiivOHo2, 
which  is  insolublo  in  an  excess  of  the  precipitants.  When  thrown  down 
in  tho  cold,  and  washed  with  cold  water,  it  is  readily  soluble  in  dilute 
II Cl,  or  in  diluto  S02Ho2.  Washing  with  hot  water  converts  it  into 
insoluble  mcta-tltanlc  hydrate.  The  presence  of  THo2  prevents  the 
precipitation.  (Iron,  as  woll  as  Mn,  Ni,  Co,  Zn,  and  U,  which  are  pre- 
cipitated by  SAm2,  in  tho  presonce  of  THo2  and  AmHo,  may  thus  be 
separated  from  Ti02.) 

K.|FeCyo  produces  a dark-brown  precipitate. 

Infusion  of  Kails,  a brownish  precipitate,  which  speedily  turns  orange- 
red. 

P()UoNao2  throws  down  the  titanic  acid  almost  completely  from  an  acid 
solution  as  a while  gelatinous  phosphate,  which  when  washed  and  dried 
leaves  a basic  salt,  2Ti02,P205,  or  P20 (Ti04)ivTiolv. 

Metallic  tin,  or  zinc,  immersed  in  a HC1  solution  of  Ti02,  evolves  hydrogen 
and  reduces  tho  Tiiv02  to  which  gives  rise  to  a,  pale  violet  or  blue  colora- 

tion and  finally  throws  down  a dark  violet  precipitate,  which  is  rapidly  reoxidized 
to  white  Ti02,  with  decomposition  of  the  water,  or  when  exposed  to  the  air. 
This  reaction  frequently  indicates  the  presence  of  Ti02,  in  the  analysis  of  iron 
ores,  during  the  process  of  reduction  with  zinc,  previous  to  the  estimation  of 
iron  by  potassic  permanganate. 


10.  TANTALUM,  Tav.  Atomic  weight,  182.  11.  NIOBIUM,  Nbv. 

Atomic  weight,  94. — This  group  of  metals  occurs  only  in  a few  minerals,  found, 
as  yet,  in  a few  localities,  and,  then  only,  in  small  quantities.  The  difficulty  of 
detecting  mere  traces  of  them  may  account  for  their  having  been  overlooked  in 
others,  in  which  they  have  since  been  found,  viz.,  in  tinstone  and  wolfram. 

In  some  of  the  minerals,  either  tantalum  or  niobium  prevails,  such  as  in 
tantalite,  and  in  mobile  ( columbite ).  They  are  meta-  compounds  and  may  be 
expressed  by  the  general  formula m(Ta02)2Peo"  + n(Nb02)2Peo".^  In 

yltrotantalite — the  ORTHO-compound — of  the  formula : — Ta202(Nb202)Ro  3,  R 
stands  for  Y"[Er",  Ce",  U",  Pe",  Ca"]  and  in  euxonite,  woehlerite,  and  pyro- 
clilor,  the  metal  niobium  occurs  as  a PYRO-niobate,  combined  with  fluorides,  viz., 

3 (Nh203Ro"2) , 5(NaK)F. 
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Tantalum  and  niobium  exist  chiefly  iu  the  pentad  condition,  as  is  evidenced 
by  the  composition  of  their  oxides  (anhydrides),  chlorides,  fluorides,  etc.,  etc., 
viz.  : — 

Tantalic  anhydride,  Tavo05.  Chloride,  TavCl5.  Fluoride,  TavF5. 

Niobic  „ :Mb'-205.  „ Nb''Cl5.  „ Nb'Fs. 

A lower  oxide,  'Tai',204,  and  sulpliide,  /Talv2S4,  are  said  to  exist.  In  tantalates, 
and  niobates,  the  acids  closely  resemble  arsenic,  or  phosphoric  acid ; they  can 
exist  as  meta-  Tav(Nbv)02Ho,  pyro-  Tav2(Nbv2)  03Ho4,  or  ortho-  Tav(Nbv)OHo;i 
tantalic  (niobic)  acid. 


TANTALIC  and  NIOBIC  ANHYDRIDES  are  prepared  from  tanta- 
lites,  or  niobites,  by  fusing  the  finely  powdered  mineral  with  3 parts  of  SCFHoKo. 
The  fused  mass  is  extracted  with  water,  whereby  the  bases  are  principally 
removed  as  sulphates.  The  residuary  Ta205,  and  Nb2G5,  are  washed  and  fused 
once  more  with  hydric  potassic  sulphate,  etc.  The  residue  after  having  been 
w'ell  washed  is  dissolved  in  HF,  and  a boiling  solution  of  HF,KF  gradually 
added  to  it.  The  liquid,  on  cooling,  or  on  concentration,  yields  difficultly  soluble 
potassic  fluo-tantalate,  2KF,TaF5  (soluble  in  about  150 — 200  parts  of  water 
only),  whilst  the  mother-liquors  contain  potassic  11  uo-oxyn  inhale,  2KF, 
NbOF3,  OH2  which  is  soluble  in  12-4  to  13  parts  of  water  ( Distinction  also  from 
titanium  which  forms  KF,  TiF4,  soluble  in  96  parts  of  water).  These  two  salts 
may  be  purified  by  recrystallisation  ; and  on  decomposing  them,  by  heating  with 
S02Ho2,  tantalic  and  niobic  sulphates,  and  potassic  sulphate,  are  left ; this  latter 
can  be  boiled  out  with  water.  When  S02Ho2  is  expelled  from  the  insoluble 
tantalic,  or  niobic  sulphate,  by  strong  ignition,  or  by  heating  in  an  atmosphere  of 
ammonic  carbonate,  Ta206,  or  Nb206,  is  left. 


TANTALUM. — The  anhydride  is  a white  powder.  When  strongly  ignited 
it  turns  pale  yellow,  without  emitting  any  light,  and  becomes  insoluble  in  HOT, 
or  strong  S02Ho2.  (Distinction  eeoh  Ti02.) 

Fused  with  Kilo,  it  is  rendered  soluble  in  water ; fused  with  NaHo,  it 
forms  chiefly  sodic  meta-tantalate,  Ta02Nao,  insoluble  in  excess  of  NaHo, 
but  soluble  in  water.  When  a solution  of  soda  is  added  to  this  solution,  sodic 
tantalate  is  precipitated.  Hydrated  tantalic  acid  dissolves  in  HF,  from  a con- 
centrated solution  of  which  KF  precipitates  the  fine,  needle  shaped,  potassic 
fluo-tantalate.  By  prolonged  boiling  with  water,  this  soluble  salt  changes  to 
An  insoluble  compound,  Ta205,2KF,TaF6,  the  formation  of  which  affords  the 
means  of  detecting  the  smallest  quantity  of  fluo-tantalate  in  mother-liquors,  con- 
taining potassic  fluo-oxyniobate. 

EEACTIONS  IN  THE  DBY  WAY. 

Microcosmic  salt  dissolves  Ta205  to  a colourless  bead  in  both  flames,  and 
does  not  acquire  a blood-red  tint  by  the  addition  of  ferrous  sulphate  (Distinc- 
tion fbom  Ti02) . 

EEACTIONS  IN  THE  WET  WAY. 

Use  a solution  oe  Ta02Ko  in  water. 

The  tantalates  of  the  alkali  metals  are  soluble  in  water,  all  others  (formed  by 
double  decomposition)  are  insoluble  in  water  and  decomposed  by  acids. 

HC1  precipitates  Ta205,  at  first,  then  redissolves  it  in  excess. 

C02  passed  through  a solution  of  an  alkaline  tantalate,  precipitates  acid,  or 

anhydro-tantalate. 

AmHo,  or  SAm2,  precipitatcsj'rom  aHCl  solution  tantalic  hydrate,  or  an 
acid  ammonic  tantalate  ; THo2  prevents  the  precipitation. 

AmCl,  or  S02Amo2,  precipitates  tantalic  hydrate,  Ta02Ho. 

K4FeCy6  gives  from  acidified  solutions,  a yellowish- white  precipitate,  which 
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turns  brown  by  the  addition  of  a few  drops  of  AmHo,  and  is  soluble  in 
larger  quantities. 

KfiEeaCyisi  a yellow  precipitate. 

Infusion  of  galls,  added  to  an  acidified  (SOaHoo  or  HC1)  solution  or  an 
alkaline  tantalate,  forms  a light-yellow  precipitate,  soluble  in  alkalies.  . 

Metallic  zinc  and  HOI  does  not  reduce  Ta205,  and  no  blue  colouration  for 
only  a very  faint  one)  is  observed  (distinction  from  Nb205) . 


NIOBIUM. — Niobic  anhydride,  Nb205,  is  white,  but  turns  transiently 
yellow,  when  ignited.  By  strong  ignition  in  hydrogen,  it  is  converted  into 
'Nbi^O,,.  Liko  tantalic  anhydride,  it  combines  both  with  bases  and  acids.  Oo 
centra  ted  sulphuric  acid  dissolves  niobic  anhydride,  unless  it  has  been  too 
strongly  ignited,  and  the  solution  remains  clear,  on  the  addition  of  much  watei 

(distinction  from  Ta205).  . . , . _ „ , 

On  fusing  with  caustic  potash,  a clear  mass  consisting  chiefly  ot  potassic 
metaniobato,  NbOflCo,  is  obtained,  which  is  readily  soluble  m water,  hut , is  pre- 
cipitated as  sodic  salt,  on  the  addition  of  NaHo.  bodic  meta-mobate,  obtained 
by  fusion  with  caustic  soda,  behaves  liko  the  corresponding  meta-tantalate. 

reactions  in  the  dry  way. 

Microcosmic  salt  dissolves  Nb206  readily  ; in  the  outer  flame,  a bead,  colour- 
less whilst  hot,  is  obtained;  in  the  inner  flame  the  bead  acquires  a violet, 
blue,  or  brown  colour,  according  to  the  quantity  ot  the  acid  present,  and  a red 
colour,  when  a little  ferrous  sulphate  is  dissolved  iu  it. 

REACTIONS  IN  THE  WET  WAY. 

r Si irsaas:  skss  «. 

ture,  precipitate  niobic  hydrate,  nearly  insoluble  in  the  acid.  ( 
precipitation  of  tantalic  hydrate  requires  the  aid  of  heat.) 

Oxalic  acid  does  not  affect  alkaline  niobates.  n livdrate 

SAm.,  or  AmHo,  precipitates  from  acidified  solutions  of  Kb 206  the  Hydra  e, 

»»">  especially 

x££ti£fS£  "£  niobat.  whi.l,  ha.  been  acid.- 

la  ted  with  sulphuric  or  hydrochloric  acid,  a red  precipitate. 

KaFe2Cyi2,  a bright  yellow  precipitate. 

a faint  blue  colour). 

(B  ) Bare  Metals,  precipitated  by  the  Group  reagents,  AmOl,  AmHo 

' J and  SAm2,  in  the  form  of  Sulphides. 

L^oY”9o’p.“tet.cf 

££££  “dn”13rS a"  «“t‘s  in  .e™»l  rare  materials,  eueh  a. 

tb“li6hter  i,"P”i' 
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ties,  roasted  for  a short  time  to  remove  part  of  the  sulphur  and  arsenic,  then 
dissolved  in  nitric  acid,  and  the  solution  evaporated  to  dryness.  The  residue  is 
exhausted  with  water,  and  the  solution  filtered  from  a brick-red  residue  of  ferric 
oxide,  ferric  arseniate  and  plumbic  sulphate.  On  evaporation,  the  aqueous  solu- 
tion yields  crystals  of  the  nitrate,  which  by  dissolving  in  ether  and  setting  aside  for 
spontaneous  evaporation,  are  obtained  pure.  When  recrystallised  once  more  from 
boiling  water,  they  consist  of  pure  uranylic  nitrate,  N:iO,1(U.202)o'/,60IT2  ; 
in  which  (/Tr")202)"  or  uranyl  acts  as  a compound  dyad  radical,  analogous  to  the 
monad  compound  radicals  antimonyl,  (SV"0)',  bismuthyl  (Bi,/'0)/,  &c. 

Uranium  exists  as  a dyad  and  pseudo-triad  metal.  It  forms  with  oxygen 
two  salifiable  oxides,  together  with  two  intermediate  oxides,  thus  : — 


Uranous  Uranic  oxide  or 
oxide.  uranylic  oxide. 

U"0  'U'AOj,  or 

(U202)"0 

Uranous  chloride. 
UC12 

Uranous  sulphate. 
SCLOoU,  or  S02Uo" 


Intermediate  oxides. 


U3O4,  or  U4O5,  or 

'U"'203,U"0  (dark  green.)  /UW203,2U"0  (black.) 

Uranylic  chloride.  Pentachloride. 

(U202)"C12  U.,C15 

Uranyhc  sidphate. 

S0202(U202)",  or  S02(U202)o" 


Uranic  oxide  and  its  hydrate  combine  both  with  acids  to  form  uranylic  salts, 
and  with  the  oxides  of  the  more  electro-positive  metals  to  form  acid  uranates,  of 
[•  (U,02)"Ro 

the  general  formula  ■<  O -t-  xOH2,  analogous  to  dichromates,  disulphates, 

L(TJ202)"Ro 

etc.  These  are  yellow,  insoluble  in  water,  but  are  decomposed  by  acids.  Disodic 
diuranate  ( uranium  yellow)  is  much  used  as  a pigment  in  glass  and  porcelain 
manufactures. 

BEAOTIONS  IN  THE  DEX  WAX. 

Borax  and  microcosmic  salt  give  with  uranium  compounds,  in  the  inner 
flame  of  the  blowpipe,  green  beads,  in  the  outer  flame  yellow  beads,  which 
acquire  a yellowish  green  tint  on  cooling.  The  oxides  of  uranium  are  not 
reduced  by  fusion  with  CONao2  on  charcoal. 


BEACTIONS  IN  THE  WET  WAX. 


(A.)  fiiusous  COMPOUNDS.— Use  a solution  of  Ueanous  Sul- 
phate, S02Uo".  (Prepared  by  dissolving  uranoso-uranic  oxide  in  hot  oil  of 
vitriol,  diluting  with  water  and  evaporating  in  vacuo.) 

Uranous  salts  constitute  powerful  reducing  agents.  They  are  green,  or 
greenish  white,  and  yield  green  aqueous  solutions. 


SAm2  forms  a black  precipitate  of  uranous  sulphide,  U"S. 

AmHo,  K llo,  or  NaHo,  throws  down  red-brown  gelatinous  uranous  hydrate 
U"Ho2. 

COKo2,  CONao2,  or  COAmo2,  precipitates  green  uranous  hydrate,  soluble 
in  excess,  especially  in  excess  of  COAmo2. 


Uranous  salts  become  oxidized  to  uranic  salts  by  exposure  to  air,  or  by  treat- 
ment with  nitric  acid,  etc.  Gold  and  silver  salts  are  speedily  reduced  by  them 
and  ferric  salts  are  reduced  to  ferrous  salts. 


B.  URANIC  COMPOUNDS. 

N204(U202)o\ 


Use  a solution  of  Ueanic  Niteate, 


Uranic  salts  are  yellow,  they  are  mostly  soluble  in  water,  and 
uranous  salts  by  SH2  and  by  alcohol,  or  ether,  in  sunlight. 

SAm2  produces  in  the  cold  a chocolate  brown  precipitate  of 


are  reduced  to 

uranylic  sul- 
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1» liiclc,  containing  also  amnionic  sulphide  and  water.  It  is  insoluble  in 
yellow  amnionic  sulphide.  On  warming  or  boiling  the  liquid  which  con- 
tains the  uranylic  sulphide,  (Tr202)S,  suspended  in  it,  the  precipitate 
splits  up  into  sulphur  and  black  uranous  oxide,  TJ"0,  which  is  insoluble 
in  excess  of  SAm,.  Uranylic  sulphide  dissolves  readily  in  neutral  amnio- 
nic carbonate.  [Method  of  sepaeation  of  TJ  feom  Zn,  Mn,  and  Pe.] 
AmHo,  KHo,  or  NaHo,  produces  a yellow  precipitate,  consisting  oi  acid 
uranatc  of  the  alkali  metal ; insoluble  in  excess  of  the  precipitant ; not 
precipitated  in  the  presence  of  tartaric  acid.  _ .... 

COKo.„  CONao2,  or  COAmo,,  gives  a light  yellow  precipitate,  consisting  (in 
the” ease  of  potassic  carbonate),  of  potassio-uranic  carbonate ; readily 
soluble  in  an  excess  of  the  precipitant.  By  treating  the  liquid  with 
dilute  sulphuric  acid,  as  long  as  effervescence  takes  place,  an  acid  uranate 
is  precipitated.  [Method  of  sepaeation  of  U feom  A1  and  Pelv.J 
COBao"  completely  precipitates  a solution  of  a uranic  salt,  even  m the  cold. 

[Separation  of 'U'" from  Ni",  Co",  Mnf  Fe",  and  Zn^ 

K.,FeCy0  produces  a reddish-brown  precipitate.  ( Most  delicate  special 

reaction.) 

KfiFc^Cvio  produces  no  change.  ....... 

Metallic  zinc  does  not  precipitate  metallic  uranium  from  its  solutions. 


2 THALLIUM,  Tl'  and  Atomic  woight,  204— This  metal  was  dis- 
covered by  Crookes  in  1861.  It  occurs  in  many  kinds  of  copper  and  iron 
nv rites  but  invariably  in  very  minuto  quantities ; also  m many  lands  of  crude 
sulphur,  in  some  of  the  deposits  from  the  Hues  leading  from  the  pyrites  furnaces 
to  the  lead  chambers  of  sulphuric  acid  works,  and  in  the  deposits  m the 
chambers  themselves.  It  has,  moreover,  beon  found  m lepidolite,  m prepara- 
tions of  cadmium  and  bismuth,  in  ores  of  zinc,  mercury,  and  antimony,  in  the 

ashes  of  some  plants,  and  in  some  saline  waters. 

The  metal  is  most  economically  extracted  from  tlialhferous  flue-dust.  T o 
dust  is  stirred  up  with  boiling  water,  the  insoluble  portion  allowed  to  settle,  and 
(lie  clear  supernatant  liquid  syphoned  off.  On  the  addition  of  concentiated 
WdrocMoricPacid,  impure  thuliums  chloride,  T1C1,  is 

chloride  is  dissolved  in  concentrated  sulphuric  acid,  evaporated  till  the  hydro 
chloric  acid  as  well  as  the  greater  portion  of  the  sulphuric  acid,  has  been  dnven 
off  then  dissolved  in  boiling  water,  and  a rapid  current  of  sulphuretted  hydrogen 
n os 8 ed  th rough  the  solution,  whereby  all  the  metals  of  the  SH,  group  are  pro 
S£ted  On  now  introducing  plates  of  zinc  into  the  dilute  acid  filtrate, 
metallic  thallium  is  precipitated,  which  can  bo  readily  removed  from  the 
rSdoSSnKlumps'or  bL  by  pressure.  It  must  be  preserved  under 

W“  Th.  .alt.  ™y  bo  prepared  by  dissolving : the  metal  in  tie  re.pective  acid.,  or 

* ;f^p“£mo».  and  tiaiio.  In  tie 

ti.il  “ “E  SS  exists  as  a mooad.  Li  in  th.  ti.U.e  a.  a tend.  Tin.  wo 
have : — 


T12'"03 
T1"'CL,  etc. 


Thallious  oxide OTl.  Tjiallic  °,x1ule.  f ' ‘ ‘ 

Thallious  chloride  . . T1C1  Thalhc  chloride  . . 

readily  soluble  and  highly  alkaline  ™aUious  o , ^ and  a 

double  platinum  salt,  an  atum,  analogous  to  orOmwy  phosphates.  In  most 
series  of  thallious  phosphates,  mm  og  the  heavy  metals,  especially 

ap/earanee,  density,  melting-point,  specific 

heat,  and  electric  conductivity. 

beaction  in  the  dey  way. 

Thallium  compounds  impart  an  intense  green  colour  to  the  blowpipe  flame. 
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The  spectrum  of  thallium  shows  only  one  emerald  green  line,  Tier,  and  hence 
its  name  from  fiaXXoe,  green. 

REACTIONS  IN  THE  WET  WAY. 

A.  THALLIOUS  COMPOUNDS. — We  employ  a solution  of  thallious 
SULPHATE,  S02T1o2. 

Thallious  salts  are  for  the  most  part  colourless  and  soluble  in  water,  such  as  the 
nitrate,  sulphate,  phosphate,  tartrate,  and  acetate.  Some  are  difficultly  soluble, 
e.g.,  the  carbonate  and  chloride,  and  a few  are  almost  insoluble,  e.g.,  the  iodide. 
They  react  neutral  to  test-paper,  and  possess  a slight  metallic  taste.  Thallious 
oxide,  OTl2,  is  colourless  and  fusible  ; it  dissolves  in  water,  the  solution  is  colour- 
less, alkaline,  caustic,  and  absorbs  carbonic  anhydride  from  the  air.  It  also  dis- 
solves in  alcohol. 

Thallious  salts  are  difficultly  converted  into  thallic  salts  ; powerful  oxidising 
agents,  such  as  nitric  acid,  are  without  effect  on  them.  They  require  boiling  and 
evaporating  with  aqua  regia  to  convert  them  into  the  higher  salts. 

SH2  does  not  precipitate  strongly  acidified  thallious  solutions  unless  As203 
be  present,  when  a part  of  the  thallium  is  carried  down  witli  the  arse- 
nious  sulphide,  as  a brownish  red  precipitate.  Neutral  or  very  slightly 
acidified  solutions  are  incompletely  precipitated  by  SH2.  From  acetic 
acid  solutions  the  whole  of  the  thallium  is  thrown  down  as  blae/c  tlial- 
linus  sulphide,  ST12. 

SAm2  (group  reagent)  precipitates  the  whole  of  the  thallium  as  thallious 
sulphide,  insoluble  in  ammonia,  alkaline  sulphides,  or  potassic  cyanide. 
Readily  soluble  in  dilute  hydrochloric,  sulphuric,  or  nitric  acids,  but  diffi- 
cultly soluble  in  acetic  acid.  When  exposed  to  air,  thallious  sulphide  is 
rapidly  converted  to  thallious  sulphate.  On  heating  it  fuses  and  volati- 
lizes. 

KHo,  NaHo,  or  AmHo,  does  not  precipitate  aqueous  solutions  of  thallious 
salts. 

Carbonated  alkalies  produce  a precipitate  only  from  concentrated  solutions, 
COT1o2  being  soluble  in  20  parts  of  water. 

HC1,  or  a soluble  chloride  (bromide),  throws  down  white  thallious  chlo- 
ride, T1C1 ; the  precipitate  subsides  readily,  and  is  unalterable  in  the  air. 
It  is  very  slightly  soluble  in  boiling  water,  and  still  less  so  in  hydrochloric 
acid. 

KI  precipitates,  even  from  the  most  dilute  thallious  solutions,  light  yellow 
thallious  iodide,  Til,  which  is  almost  entirely  insoluble  in  water,  but 
somewhat  more  soluble  in  a solution  of  potassic  iodide.  This  constitutes 
the  most  delicate  reaction  for  thallious  salts. 

Cr02Ko2  precipitates  yellotv  thallious  chromate,  Cr02Tlo2,  insoluble  in 
cold  nitric  or  sulphuric  acid. 

PtCli  precipitates  difficultly  soluble,  pa  A orange  coloured  thallious  platinic 
chloride,  2TlCl,PtCl4. 

Zinc  precipitates  metallic  thallium. 

B.  THALLIC  COMPOUNDS.— We  employ  a SOLUTION  OF  TnALLic 
Chloride,  T1'"C13. 

Thallic  salts  are  easily  distinguished  from  thallious  Balts  by  their  behaviour 
with  caustic  and  carbonated  alkalies,  which  precipitate  brown  gelatinous  thallic 
hydrate,  Tl'"OHo,  insoluble  in  excess. 

Thallic  oxide  is  scarcely  acted  on  by  concentrated  sulphuric  acid  in  the  cold  ; 
on  heating  thallic  sulphate,  (S02)8T1o'"2,70H2  is  obtained.  When  a solution  of 
thallic  sulphate  is  boiled,  oxygen  is  given  off  and  a thallious  salt  left.  When 
treated  with  HC1,  thallic  oxide  yields  the  chloride  TT"C13,  as  a white  crystalline 
mass,  which  on  heating  splits  up  into  T1C1  and  Cl2. 

HC1,  or  a soluble  chloride  (bromide),  produces  no  precipitate. 

SIL.  reduces  thallic  to  thallious  salts,  with  precipitation  of  sulphur. 
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CO  Ho  Pro(^uces  a white  pulverulent  precipitate. 

POHoNao2  gives  a white  gelatinous  precipitate. 

AsOHo3,  or  a soluble  arseniate,  gives  a yellow  gelatinous  precipitate. 

Cr02Ko2  does  not  precipitate  tballic  salts. 

KI  gives  a precipitate  of  Til  and  I2. 

3.  IN  D I U M,In'T,  and  pseudo-triad.  Atomic  weight,  113'4. — Has  hitherto  only 
been  found  as  a rare  and  insignificant  constituent  of  some  zinc  ores  ( zinc-blende 
from  Freiberg),  in  the  metallic  zinc  prepared  from  these  ores,  and  in  tungsten. 

Indium  is  a white,  highly  lustrous  metal,  resembling  platinum,  soft  and 
ductile,  of  specific  gravity  7‘42.  It  fuses  easily  at  176°  0.  It  is  not  oxidized  in 
the  air  or  in  water.  Dilute  HC1  or  S02Ho2  dissolve  it  readily,  hydrogen  being 
given  off.  Concentrated  sulphuric  acid  dissolves  it  with  evolution  of  S02.  This 
is  readily  soluble  also  in  cold  dilute  nitric  acid.  The  oxide,  'ln'"203  is  brown 
when  hot,  straw-coloured  when  cold,  and  is  readily  reduced  when  heated  on 
charcoal,  or  in  a current  of  hydrogen  gas.  A black  dioxide,  ln"'02,  exists 
likewise. 

The  principal  salts  of  indium,  viz.,  the  sulphate,  (S02)3  In2ovl,  90H2,  the 
nitrate,  ISTjOJno"',  and  the  chloride,  In'"Cl3,  are  freely  soluble  in  water.  The 
chloride  is  volatile  and  hygroscopic. 


REACTIONS  IN  THE  DRY  WAT. 

Indium  and  its  compounds  impart  to  the  flame  a peculiar  bluish  tinge.  When 
examined  with  the  aid  of  a spectroscope  two  characteristic  blue  lines  can  be 
seen,  a bright  one  in  the  blue,  and  a feebler  one  in  the  violet.  They  are  how- 
ever very  transient.  The  sulphide  gives  more  persistent  lines  than  the  chloride. 


REACTIONS  IN  THE  WET  WAY. 

Wo  may  employ  a solution  oe  any  of  the  above  salts. 

SH2  produces  no  precipitate  in  the  presence  of  a strong  acid.  Indium  is, 
however,  precipitated  like  tho  metal  zinc,  from  slightly  acid  solutions,  or 
in  the  presence  of  acetic  acid.  The  slimy  precipitate  or  inilic  sulphide, 
,In2'"Ss,  is  of  a fine  yellow  colour. 

SAm2  produces  at  first  a white  precipitate  from  a solution,  containing  ammomc 
tartrate,  said  to  consist  of  and  hydrogen.  It  turns  yellow  on  the 

addition  of  acetic  acid.  The  sulphide  is  insoluble  in  cold,  but  soluble  m 
hot  SAm2,  and  on  cooling  it  separates  again  of  a white  colour. 

KHo,  NaHo,  or  Amllo,  produces  a white  bulky  precipitate  of  inclic  hydrate, 
In'"Ho3,  resembling  aluminic  HYDRATE,  quite  insoluble  in  KHo  or  AmHo. 

The  presence  of  THoo  prevents  the  precipitation. 

Alkaline  carbonates  precipitate  white  gelatinous  carbonate.  When 
recently  precipitated  it  is  soluble  in  ammonie  carbonate,  but  not  in  the 
fixed  alkaline  carbonates.  On  boiling,  indie  carbonate  separates  again. 

COBao"  precipitates  indie  salts  in  the  cold,  as  basic  salts.  (Distinction 
from  Zn,  Mn,  Co,  Ni,  and  Fe.) 

POHoNao2  throws  down  a bulky  white  precipitate. 

Alkaline  oxalates  produce  a crystalline  precipitate. 

Zinc  precipitates  the  metal  in  the  form  of  white  shining  lamina;. 


4.  VANAIIIUM,  V"  and  v.  Atomic  weight  5T3. — Occurs  only  in  a few 
very  rare  minerals,  principally  in  vanadite,  or  plumbic  vanadate  and  oxychloride, 

V j03Pbo"4  ^Q^Pb^i  analogous  in  composition  to  pyromorphite  (comp.  p.  98)  ; 

also  to  a very  small  extent  in  many  iron  ores  (clay  and  pea  iron  ores),  and,  as 
Roscoe  recently  discovered,  in  the  copper-bearing  beds  at  Alderney  Edge,  and 

Mottram  St.  Andr  ;ws,  in  Cheshire.  . . ,. 

Vanadite  may  e made  the  starting  point  for  preparing  the  several  vanadium 
compounds.  The  mineral  is  dissolved  in  nitric  acid,  and  the  lead  and  aiBomc 
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precipitated  by  S [ L,  which,  at  the  same  time  reduces  the  vanadio  pentoxide, 
V^Oj,  to  tetroxide,'viv304.  The  blue  filtered  solution  is  then  evaporated  to 
dryness  and  the  residue  digested  in  ammonia,  when  the  vanadio  tetroxide 
becomes  reoxidized  into  pentoxide.  The  ammonic  vanadate  can  be  precipitated 
as  a white  powder  from  this  solution  by  introducing  a lump  of  sal-ammoniac, 
being  scarcely  soluble  in  a saturated  solution  of  AmCl.  Ry  exposure  to  a 
temperature  below  redness,  in  an  open  crucible,  ammonia  is  expelled  and  Vv203 
is  left. 

Vanadium  forms  several  oxides,  oxychlorides,  chlorides,  sulphides,  which 
show  that  the  metal  is  closely  allied  to  the  phosphorus  and  arsenic  group.  Thus 
we  have  : — 


Oxides. 

Oxychloride. 

Chlorides. 

Sulphides. 

'V"202 

— 

~"vcIT" 

— 

V'"203  (black) 

— 

VC13 

— 

'Viv204  (blue) 

— 

VC14 

/Vi”2S4 

Vv305 

VvOOla 

— 

Vv2S5 

The  most  important  of  these  compounds  is  the  pentoxide,  or  vanadic  anhy- 
dride, identical  in  composition  with  phosphoric,  arsenic,  antimonic,  tantalic  and 
niobic  anhydrides.  It  combines  in  different  proportions  with  bases  forming  like 
the  other  anhydrides  referred  to,  three  series  of  salts,  viz.,  ortho-,  pyro-,  and 
meta-vanadates.  Fused  with  CONao2,  it  yields  sodic  ortho-vanadate,  VONao3; 
but  when  boiled  with  a solution  of  an  alkali,  it  forms  the  meta-vanadate,  the 
latter  class  of  vanadates  being  moro  stable  than  the  ortho-salts.  Alkaline 
vanadates  are  soluble  in  water,  inversely  to  the  quantity  of  free  alkali,  or  alkaline 
salt  present.  Hence  they  are  precipitated  from  their  solutions  by  excess  of 
alkali,  or  by  salts  (AmCl).  ( Most  characteristic  reaction.) 

Vanadic  anhydride  has  a reddish-yellow  colour,  and  is  difficultly  soluble  in 
water  (1,000  parts),  forming  a light  yellow  solution,  which  reddens  litmus  paper. 
It  dissolves  also  in  the  stronger  acids  to  red  or  yellow  solutions,  which  become 
frequently  decolorized  by  mere  boiling.  It  unites,  however,  with  bases  more 
readily  than  with  acids. 

A sulphuric  acid  solution  of  the  acid  when  considerably  diluted  with  water, 
and  treated  with  zinc  or  sodium  amalgam  and  warmed  gently,  turns  first  blue, 
then  green,  and  finally  from  lavender  to  violet.  The  V206  becomes  reduced  to 
’V"202 ; and  on  the  addition  of  AmHo,  a brown  precipitate  of  the  hydrate  of 
the  dioxide  (hypovanadious  acid)  forms,  which  absorbs  oxygen  more  rapidly 
than  any  other  known  reducing  agent , and  bleaches  organic  colouring  matter 
(indigo  solution,  etc.)  as  quickly  as  chlorine. 

Many  organic  substances,  such  as  oxalic  or  tartaric  acid,  sugar,  alcohol, 
reduce  vanadic  acid,  especially  in  the  presence  of  strong  mineral  acids,  to  the 
blue  'ViT204.  The  same  takes  place  when  S02,  or  SH2,  are  added  to  its  solutions 
in  acid. 


EE  ACTIONS  IN  THE  DRY  WAY. 

Borax  dissolves  V206  to  a clear  bead,  colourless,  or,  with  large  quantities  of 
the  anhydride,  yellow,  in  the  outer  flame,  beautiful  green  in  the  inner  flame. 
With  larger  quantities  of  vanadic  acid  it  looks  brownish  whilst  hot,  and  only 
turns  green  on  cooling. 


REACTIONS  IN  THE  WET  WAY. 

Use  A solution  oe  Sodio  Metayanadate,  V02Nao. 

Orthovanadates  are  generally  yellow  or  reddish- yellow,  both  in  the  liquid  and 
solid  state.  By  boiling  in  water,  the  orthovanadates  of  the  alkalies  are  converted 
into  colourless  melavanadates.  On  the  addition  of  an  acid  to  a solution  of  a 
neutral  or  ortliovanadate,  the  solution  becomes  yellowish-red,  owing  to  the  for- 
mation of  anhydro-salts. 

Ammonic,  baric,  and  plumbic  meta-vanadateB  are  but  sparingly  soluble  in 
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water.  The  alkaline  vanadates  are  more  soluble  in  pure  water,  than  in  water 
containing  free  alkali,  or  a salt : hence  they  are  precipitated  in  the  presence  of 
the  latter.  All  are  soluble  in  nitric  acid,  hut  insoluble  in  alcohol. 

SAm3  (group  reagent)  produces  a brown  coloration  in  the  liquid,  and  on 
acidulating  with  HC1,  or  better  with  S03Ho3,  the  soluble  amnionic  sul- 
pho-yanadate  is  decomposed,  and  brown  pentasulplmle,  "V3S5,  mixed 
with  sulphur,  is  precipitated ; the  liquid  at  the  same  time  generally 
acquires  a blue  colour.  It  dissolves  with  red-brown  colour  in  aqueous 
solutions  of  alkaline  carbonates,  hydrates,  and  sulphhydrates. 

If  an  acidified  solution  of  an  alkaline  vanadate  be  shaken  up  with  ether  con- 
taining peroxide  of  hydrogen,  the  aqueous  fluid  acquires  a red-brown  colour, 
like  that  of  ferric  acetate,  whilst  the  ether  remains  colourless.  This  reaction  is 
extremely  delicate. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  salts  give  rise  to  red- 
coloured  solutions.  They  are,  however,  differently  affected  by  reducing  agents. 

REACTIONS  OF  THE  RARE  METALS  OF  GROUP  II. 

Group  II  comprises  the  Bare  Metals,  precipitated  as  Sulphides  by 
S//2,  from  a Hydrochloric  Acid  Solution,  viz. : — 

(A.)  As  Sulphides,  insoluble  in  yellow  Ammonia  Sulphide: — Pal- 
ladium, Rhodium,  Osmium,  Ruthenium. 

1.  PALLADIUM,  Pd"  and  *v.  Atomic  weight,  10G'5. — Occurs  native  in 
platinum  ores,  principally,  however,  alloyed  with  gold  and  silver,  in  a gold  ore 
found  in  Brazil.  The  gold  dust  is  fused  together  with  silver,  and  the  granular 
alloy  heated  with  nitric  acid,  in  which  silver  and  palladium  only  dissolve.  On 
tbc  addition  of  sodic  chloride,  silver  is  reinovod  as  chloride,  and  the  palladium 
may  then  bo  precipitated  as  palladious  cyanide,  by  means  of  mercuric  cyanide, 
and  decomposed  by  ignition. 

The  metal  greatly  resembles  platinum,  but  is  somewhat  darker  in  colour. 
Its  specific  gravity  is  11'8.  Of  all  the  so-called  platinum  metals  it  fuses  most 
readily,  difficultly  in  an  ordinary  fire,  but  easily  in  the  oxy-hydrogen  flame. 
Palladium  is  sparingly  soluble  in  pure  nitric  acid,  but  dissolves  more  readily  in 
the  red  acid.  It  dissolves  slightly  in  boiling  concentrated  sulphuric  acid,  but  is 
readily  attacked  by  fusing  with  hydric  potassic  sulphate.  The  true  solvent  for 
it,  as  for  most  other  platinum  metals,  is  aqua  regia.  Palladium  forms  several 
oxides  and  chlorides,  in  which  the  metal  exists  either  as  a dyad  or  tetrad,  thus 

Palladious  oxide Pd"0  Chloride Pd"Cl3 

Palladic  „ Pdlv03  „ PdlvCl4. 

The  lower  oxido  is  obtained  on  gently  igniting  palladious  nitrate.  It  is 
black  and  its  hydrate  dark  brown.  Both  part  with  their  oxygen  upon  intense 
ignition,  leaving  spongy  palladium.  The  nitrate  may  be  prepared  from  the  metal 
by  dissolving  in  nitric  acid  and  concentration  over  a water-bath.  It  forms  then 

a brownish-red  non-crystallisable  mass. 

Palladious  salts  are  mostly  soluble  in  water ; they  are  brown  or  reddish- 
brown  ; their  dilute  solutions  are  yellow. 

REACTIONS  IN  THE  WET  WAX. 

We  employ  a solution  op  Palladious  Nitrate,  N304Pdo". 

OH3  precipitates  a brown  basic  salt,  from  solutions  containing  slight  excess 

SII  or  SAm./tlirows  down  from  acid  or  neutral  solutions  black  palladious 
sulphide,  PdS,  insoluble  in  SAm2,  but  soluble  in  boiling  hydrochloric 
acid,  and  readily  soluble  in  aqua  regia. 
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KHo,  or  NaHo,  precipitates  a yellowish-brown  basic  salt,  soluble  in  excess. 

COKo2,  or  CONao2,  precipitates  brown  palladious  hydrate,  PdIIo._,,  soluble 
in  excess,  reprecipitated  on  boiling. 

AmHo,  or  COAmo2,  produces  no  precipitate  from  the  nitrate,  but  decolorises 
the  dark  brown  solution. 

HI,  or  soluble  iodides  give,  even  in  very  dilute  solutions,  a blaclc  precipi- 
tate of  palladious  iodide,  Pdl2,  somewhat  soluble  in  excess  of  KI. 
(Most  characteristic  reaction  for  Pd.  It  serves  for  the  detection  of 
iodine  in  the  presence  of  chlorine  and  bromine.) 

Hg-Cy,  gives  a yellowish  white  gelatinous  precipitate  of  PdCy2,  readily  soluble 
in  KCy,  and  in  AmHo.  Slightly  soluble  in  HC1.  It  leaves  on  ignition 
spongy  metallic  palladium. 

CyAms  gives  no  precipitate,  even  after  the  addition  of  SCX,.  (Distinction 

PROM  Co.) 

SnCl2  produces  a brownish-blade  precipitate,  soluble  in  HC1,  to  an  intense 
green  solution. 

Palladious  salts  are  reduced  to  the  metallic  state  by  phosphorus,  SOHo2, 

r h 

NOKo,  -j  COIIo,  metallic  zinc  or  iron,  alcohol,  etc. 

Palladious  chloride,  obtained  by  dissolving  PdS  in  boiling  HC1,  is  preci- 
pitated by  ammonia  as  flesh-coloured  ammonio  - palladious  chloride, 
N2H6Pd"Cl2,  soluble  in  AmHo  to  a colourless  fluid,  from  which  HC1  reprecipi- 
tates it  as  a yellow  crystalline  chloride,  identical  in  composition. 

AmCl  does  not  precipitate  palladium  salts. 

KC1  precipitates  a brownish-red  octahedral  double  chloride,  2KC1,  PdCl2, 
insoluble  in  absolute  alcohol ; soluble  in  water  to  a dark-red  fluid. 

All  palladium  salts  are  decomposed  by  ignition,  leaving  metallic  palladium. 


2.  RHODIUM,  Rli",  iv,  and  vi,  also  a pseudo-triad.  Atomic  weight,  104r4. 
— Found  in  small  quantity  in  platinum  ores,  and  frequently  to  a considerable 
extent  in  platinum  residues. 

It  is  a whitish-grey  metal,  less  ductile  than  platinum,  and  scarcely  softened, 
even  in  the  flame  of  the  oxy-hydrogen  blowpipe  The  specific  gravity  of  un- 
fused rhodium  is  1064,  that  of  the  pure  metal,  after  fusion,  12T.  Rhodium  is 
unalterable  in  the  air  at  ordinary  temperatures,  but  oxidizes  at  a red  heat.  It 
also  combines  with  chlorine  at  a red  heat.  When  pure  it  resists  the  action  of 
the  strongest  acids,  even  of  aqua  regia ; but  when  alloyed  with  other  metals,  as 
with  Pb,  Bi,  Cu,  and  Pt,  it  is  soluble  in  aqua  regia  ; when,  however,  alloyed  with 
Au,  or  Ag,  it  does  not  dissolve.  It  is  oxidized  by  fusion  with  solid  caustic 
potash  and  nitre.  Fusion  with  hydric  potassic  sulphate  converts  it  into  soluble 
potassic  rboclic  sulphate,  S:j06(Rh'"X:i06)'’i.  Mixed  with  sodic  chloride, 
and  ignited  in  a current  of  chlorine,  a double  chloride  of  sodium  and 
rhodium,  3 N aCl.RTihT  1;,.120 U2,  is  formed,  which  is  likewise  easily  soluble  in 
water. 

. Rhodium  forms  several  oxides,  chlorides,  sulphides,  etc.,  in  which  the  metal 
exists  as  a dyad,  tetrad  (pseudo-triad),  or  hexad  element,  thus  : — 


Oxides. 


Rhodious  oxide 

Rhodic  „ 

„ dioxide 

Rhodic  trioxide  (anhydride,  acting  as  a weak  acid). . 


r ' 

Rh"0. 

'Rh'^Os. 

RhivO.„ 

HhviOg. 


Chlorides. 


Rhodious  chloride Rh"CI2.  Rhodious  sulphide. . . . 

Rhodic  chloride Rh'"Cl3.  Rhodic  „ 


or  'Rh"'2Cl6. 


Sulphides. 


Rh"S. 

'Rh."'S,. 

* o 


Q 
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The  most  important  compounds  are  the  Rh2Clc  and  KlnOs-  Rhodium  salts 
are  obtained  with  difficulty,  owing  to  the  insolubility  of  the  metal,  and  its  oxide 
in  acids.  Their  solutions  are  generally  rose-coloured. 


REACTIONS  IN  THE  WET  WAT. 


W e may  employ  a solution  oe  Potassio-Rhodic  Sulphate,  or  of  the 
double  Chloride  oe  Sodium  and  Rhodium. 

SHo,  or  SAm2,  precipitates  from  a hot  solution  brown  rliodic  sulphide, 
RI10S3,  insoluble  in  SAm.2,  but  soluble  in  boiling  nitric  acid. 

KHo,  or  NaHo,  gives  with  the  chloride  a yelloivish-brown  precipitate  of 
rhodlc  hydrate,  Rh.JIo(i,  soluble  in  excess ; in  other  rhodic  salts  this 
precipitate  appears  only  on  boiling.  _ . ., 

From  a solution  of  rhodic  chloride,  KHo,  producing  at  first  no  precipitate, 
gives  on  the  addition  of  alcohol,  a brown  precipitate  of  rhodic  hydrate. 

Amllo  gives  also  a yellow  precipitate,  only  formed,  however,  after  some  time, 
soluble  in  HC1. 

KI  produces  a slight  yellow  precipitate. 

Metallic  zinc  precipitates  black  metallic  rhodium.  . . 

NOKo  (potasslc  nitrite)  gives  with  the  chloride  an  orange-yellow  precipi- 
tate, which  is  slightly  solublo  in  water,  but  roadily  soluble  in  HC1. 


Rhodium  is  distinguished  from  the  other  platinum  metals  by  its  insolubility 
in  aqua  regia,  its  solubility  in  fusing  SO„UoKo,  and  the  behaviour  of  its  chloride 
with  potash  and  alcohol. 


o OSMIUM,  Os",  lv,  vi,  and  vl11,  also  a pseudo-triad.  Atomio  weight,  199*2, 

Found  chiefly  as  a natural  alloy  of  osmium  iridium  in  platinum  ores,  which 

remains  behind  undissolved,  when  the  ores  are  treated  with  aqua  regia,  in  the 
form  of  white,  metallic-looking,  hard  grains.  This  alloy  is  attacked  by  mixing 
it  with  common  salt  , or  potasslc  chloride,  and  exposing  it  in  a glass  or  porcelain 
tube  to  a current  of  moist  chlorine  gas.  Osmic  acid  is  formed,  which  volatilises, 
and  can  bo  condensed  and  fixed  by  passing  the  fumes  into  asohitmiiofcaustic 
notash  Iridium  remains  behind  111  the  tube  as  a doublo  chloride,  2KGl,IrCl4. 
Tli is  salt  is  obtained  in  reddish-black  regular  octahedra,  by  recrystallisation 
from  water  The  alkaline  solution  is  ovaporalod  with  excess  of  sal-ammoniac, 
and  leaves  on  ignition  of  the  dry  residue,  and  extraction  with  water,  metallic 
n uiopir  -nowder  or  en’ev*  and  with  metallic  lustre.  The  densest 
0fTnVa  sneffific  era v i tv 1 of ° 2 1 A.  Intense  white  heat  volatilises  the  metal, 

with  air,  it  burns  the  more  readily  the  finer 

the  metal  is  divided,  and  is  converted  into  osmic  anliyUrUlc.  Os'  04.  Red 
r • or  anua  regia,  dissolves  osmium  likewise,  and  oxidizes  it  to 

Oso'i'.k  Very  intensely  ignited,  osmium  is  rendered  insoluble  111  acids,  and  has  to 
be  fused  with  nitre,  and  then  distilled  with  nitric  acid,  when  Os04  distds  over. 
b°  Osmium  combines  with  oxygen,  or  chlorine,  etc.,  m several  proportions, 

thus  : — 

Os"0  Osmious  chloride .. . Os"Cl2 

osmir  ::::::  'os-a  osmic  „ (not  w'wm 

” isolated) 

Osmic  dioxide  OsA  Osmic  tetrachloride  ■ OsA 

Osmious  anhydride  . . Osv'03  _ 

Osmic  anhydride  ....  Osv'  ‘04 

The  two  highest  oxides  combine  with  bases,  and  form  osnii  tcs  and  unstable 
osmates  Os( \ is  remarkable  for  its  peculiar,  exceedingly  irritating,  and  offensive 
odour  resembling  that  of  Cl  and  I.  It  attacks  the  mucous  membrane  and  the 
odour,  resem  ig  oisouous.  It  is  absorbed  by  water,  and  is  precipitated 

from  its  solutions  by  alf metals,  even  by  mercury  and  silver,  as  a black  metallic 
powder.  On  heating  a mixture  of  finely-divided  osmium,  or  of  the  sulphide,  v ith 
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potassic  chloride  in  a stream  of  chlorine  gas,  a double  chloride,  Os2C166KC1, 
30H2,  is  obtained,  which  crystallises  from  water  in  dark  red-brown,  regular 
octahedra.  The  Balt  is  insoluble  in  alcohol. 

The  solution  of  this  double  chloride  is  more  stable  than  that  of  the  osmium 
chlorides,  and  may  conveniently  be  employed  for  studying  the  reactions. 

BE4CTIONS  IN  THE  WET  WAT. 

SIf2,  or  SAra2,  gives  a brownish-black  sulphide,  Os"S,  which  only  sepa- 
rates when  a strong  acid  is  present.  The  precipitate  is  insoluble  in 
SAm2. 

EHo,  or  NaHo,  AmHo,  or  COKo2,  produces  a brownish-red  precipitate  of 
hydrated  osmic  dioxide,  OslvHo4. 

On  fusing  the  double  chloride  with  CONao2,  dark  grey  0s02  is  obtained.  ' 

Heated  with  tannic  acid,  or  alcohol,  with  addition  of  HC1,  the  double  chlo- 
ride is  reduced  to  the  blue  osmious  chloride,  Os"Cl2. 

A solution  which  contains  osmic  acid  (an  osmate)  is  remarkable  for  its  great 
oxidising'  power.  It  decolorises  indigo  solution,  separates  iodine  from  KI, 
converts  alcohol  into  aldehyde  and  acetic  acid.  Sodic  sulphite  yields  a deep 
violet  coloration,  and  dark  blue  osmious  sulphite,  SOOso",  gradually  sepa- 
rates. Ferrous  sulphate  produces  a black  precipitate  of  0s02.  Stannous  ohlo- 
ride  produces  a brown  precipitate,  soluble  in  HC1,  to  a brown  fluid.  All 
compounds  of  osmium  yield  the  metal  when  ignited  in  a current  of  hydrogen. 


4.  RUTHENIUM,  Ru",  iv,  vi,  and  t1U,  also  a pseudo-triad.  Atomic  weight, 
104'4. — Found  in  small  quantity  only,  in  that  portion  of  the  platinum  ores  which 
remains  behind,  after  treating  with  aqua  regia.  It  is  a greyish-white  metal, 
closely  resembling  iridium,  and  very  difficultly  fusible.  When  heated  in  the  air 
it  becomes  covered  with  bluish-black  ruthenic  oxide,  Ru203,  insoluble  in  acids. 
When  pure,  it  is  insoluble  in  acids,  being  barely  acted  upon  by  aqua  regia ; 
fusion  with  hydric  potassic  sulphate  even  remains  without  action  upon  it. 

It  is  attacked,  either  by  fusion  with  caustic  potash  and  nitre,  or  potassic 
chlorate,  and  is  converted  thereby  into  potassic  ruthenate,  Ruvi02Ko2,  a dark 
green  mass,  soluble  in  water  to  an  orange  coloured  fluid,  which  tinges  the  skin 
black,  from  separation  of  black  ruthenic  oxide.  Acids  (N02Ho)  throw  down  the 
black  hydrate. 

Or  it  may  be  rendered  soluble  by  ignition  with  potassic  chloride  in  a current 
of  chlorine  gas,  being  thus  converted  into  potassic  ruthenic  chloride, 
2KCl,RuiTCl4. 

Ruthenium  forms  several  oxides,  chlorides,  etc.,  thus  : — 


Ruthenious  oxide Ru"0. 

Ruthenic  „ 'Ru"'203 

Ruthenic  dioxide  Ruiv02 

Ruthenic  trioxide Ruvt03 

(anhydride). 

Ruthenic  tetroxide  Ruvlll04 


(perruthenic  anhydride). 


Ruthenious  chloride  ....  Ru"Cl2 

Ruthenic  chloride  'Ru"'2C16 

Ruthenic  tetrachloride  . . . RuivCJ4 
(known  only  in  combination). 


EE  ACTIONS  IN  THE  WET  WAT. 

We  may  employ  a solution  of  Ruthenic  Chloeide,  ,Ru"'2C16,  prepared 
by  dissolving  in  HC1  the  ruthenic  hydrate,  precipitated  by  nitric  acid,  from  a 
solution  of  potassic  ruthenate.  It  forms  an  orange-yellow  coloured  solution 
which  on  heating  is  resolved  into  II  Cl  and  Ru203. 

SH2  produces  at  first  no  precipitate,  but  after  some  time  the  fluid  acquires  an 
azure  blue  tint,  and  deposits  brown  ruthenic  sulphide,  Ru2S3.  This 
reaction  is  very  delicate  and  characteristic. 

SAm2  produces  a brownish-black  precipitate,  difficultly  soluble  in  excess. 

Q 2 
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KHo  precipitates  black  ruthenic  hydrate,  Ru2Ho6,  insoluble  in  alkalies, 
but  soluble  in  acids. 

CyKs  produces,  in  the  absence  of  other  platinum  metals,  after  some  time  a 
red  coloration,  which  gradually  changes  to  purple-red,  and,  upon  heating, 
to  a fine  violet  tint  ( very  characteristic) . 

KCl,  or  AmCl,  produces  in  concentrated  solutions  crystalline  glossy  violet 
precipitates  of  the  double  chlorides,  difficultly  soluble  in  water,  in- 
soluble in  alcohol.  They  are  decomposed  on  boiling  with  water  with 
separation  of  black  ruthenious  oxychloride. 

NOKo  forms  a double  salt,  3NOKo,  NA^uo'",  readily  soluble  m an  excess 
of  the  alkaline  nitrite.  On  the  addition  of  a few  drops  of  colourless  SAm2, 
the  solution  assumes  a splendid  dark  red  colour,  changing  to  brown,  with- 
out precipitation  of  sulphide.  , . . , 

Metallic  zinc  produces  at  first  a fine  azure  blue  coloration  (owing  to  the  reauc- 
tion of  'B,u"'2C16  to  Ru"C12),  which  subsequently  disappears,  ruthenium 

being  deposited  in  the  metallic  state. 

(B.)  As  Sulphides,  soluble  in  yellow  ammonic  sulphide : — Iridium, 
Molybdenum,  Tellurium,  and  Selenium. 


1 IRIDIUM,  Ir", lv,  and  vl,  also  as  a pseudo-triad.  Atomic  weight,  198. 
Found  in  platinum  ores  alloyed  with  platinum,  chiefly,  however,  in  combination 
with  osmium,  loft  behind  us  a native  alloy  in  the  form  of  very  hard metallic- 
looking  brittle  grains,  when  the  ore  is  treated  with  aqua  regia.  In  this  condi- 
tion, or  when  reduced  at  a red  heat  by  hydrogen,  from  any  of  its  compounds, 
it  is  insoluble  in  every  acid.  Fusion  with  acid  potassic  sulphate  oxidises,  but  does 
not  dissolve  it  (Distinction  prom  Eh).  When  fused  with  caustic  soda  in  a 
silvor  crucible  with  access  of  air  or  with  sodic  nitrate,  it  is  likewise  oxidised, 
but  the  compound  of  lr,03  and  soda  is  only  partially  soluble  in  water.  By  the 
action  of  aqua  regia  the  latter  is  dissolved  to  a deep  black  liquid,  containing  the 
double  chloride  of  Iridium  and  sodium,  2NaCl,IrCl.l.  1 Ins  same  com- 
pound is  also  obtained  when  a mixture  of  the  iridium  powder  and  dry  sodic 
chloride  is  heated  in  a glass  or  porcelain  tube  in  a current  of  chlorine  gas,  and 

the  residue  dissolved  out  with  water.  .,  . ini.nr 

Iridium  forms  numerous  compounds  with  oxygen,  chlorine,  lodme,  sulpln  r 
etc.,  in  which  the  metal  exists  as  a dyad,  pseudo-triad,  tetrad,  or  liexad,  as  wdl 
be  seen  from  tho  following  list : — Oxides 


• lr"0 

Iridious  oxide , A 

Iridic  „ £<V0 

Iridic  dioxide  (most  stable). . -wnA 

„ hydrate  (bulky,  indigo  coloured). ^ /A1' 

Iridic  anhydride  (not  known  in  the  free  state)  ir 

Chlorides.  Iodides.  Sulphides. 

^ a f A_  ■■  ' ^ 

rl^cT  ^ Ir"l2.  Ir"S  greyish  black. 

'Ir'"  Cl  /Ir"'2I6.  'Ir'"2S3  brownish  black. 

Ir'vCl/  Ir‘vl4. 

All  iridium  chlorides  are  capable  of  forming  crystalline  double  chlorides  with 
the  chlorides  of  the  alkali  metals. 

REACTIONS  IN  THE  WET  WAY. 

A Solution  of  the  double  Chloride  of  Sodium  and  Iridium, 
2NaCl,IrCl4,  may  conveniently  be  employed. 

ott  first  decolorises  the  iridium  solution,  with  separation  of  sulphur  and 
reduction  of  the  Ir-Cl,  to  'Ir'AClo,  and  finaUy  precipitates  brown  iridic 
sulphide, 
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SAm«  produces  the  same  precipitate,  readily  soluble  in  excess. 

KHo  or  NaHo  added  in  excess  colours  the  solution  greenish,  and  precipi- 
tates a little  brownish  black  potassic  double  chloride.  On  heating 
the  liquid  with  exposure  to  the  air,  it  acquires  at  first  a reddish  tint, 
which  changes  afterwards  to  azure  blue  (Distinction  tbom  Pt),  and 
when  evaporated  to  dryness  and  taken  up  with  water,  a colourless  solution 
is  obtained,  and  a blue  deposit  of  iridic  dioxide  is  left  undissolved. 

KCl  precipitates  dark  brown  potassic  Iridic  chloride,  2KCl,IrCl4,  in- 
soluble in  a concentrated  solution  of  potassic  chloride. 

AmCl  throws  down  from  concentrated  solutions  a dark  red  powder,  consist- 
ing of  small  octahedral  crystals  of  the  amnionic  double  chloride, 
2AmCl,IrCl4,  insoluble  in  a concentrated  solution  of  the  precipitant. 

Reducing  agents , such  as  potassic  nitrite,  oxalic  acid,  ferrous  sulphate, 
stannous  chloride,  mercurous  nitrate,  reduce  this  double  salt  (as  well  as 
the  potassic  double  chloride)  especially  when  in  hot  solutions,  to  the  sesqui- 
salt,  e.g. : — 

2(2KCl,IrivCl4)  + 4NOKo  = 6KCl/Ir"'2Cl6  + 2N02Ko  + N202. 

The  double  chloride  crystallises  out  on  cooling. 

When  IrivHo4  is  suspended  in  a solution  of  potassic  nitrite,  and  the  solution 
saturated  with  sulphurous  acid  and  boiled,  with  renewal  of  the  water  as  long  as 
S02  is  given  off,  the  whole  of  the  iridium  is  converted  into  insoluble  brownish- 
green  iridic  sulphite,  SO(IrO) "o",40H2  (Sepaeation  pkom  Pt). 

Metallic  zinc  precipitates  black  metallic  iridium. 

Note. — For  the  separation  of  the  so-called  platinum  metals  we  must  refer 
the  student  to  some  larger  work  on  Chemistry,  such  as  “Watts’  Dictionary.” 


2.  MOLYBDENUM,  Mo",  iv,  vi,  and  vlli,  also  as  a pseudo-triad.  Atomic 
weight  96. — Occurs  only  in  a few  minerals,  more  especially  in  molybdic  disul- 
phide ( Molybdenite ),  MoivS2,  resembling  graphite,  and  as  plumbic  molybdate 
( wulfenite , or  yellow-lead  ore) , Mo02Pbo''. 

Molybdic  anhydride,  Mo03,  serves  for  the  preparation  of  ammonic  molybdate, 
a reagent  largely  used  now  in  determining  phosphoric  acid,  and  best  obtained 
from  molybdenite,  by  first  roasting  the  ore,  at  a red  heat,  in  an  open  vessel, 
and  dissolving  the  impure  anhydride  in  strong  ammonia.  An  acid  ammonic 

{Mo02Aino 

O + OH2,  crystallises  out,  on  cooling,  in  large  trans- 

MoOjAino 

parent  crystals.  The  metal  is  prepared  by  intensely  heating  the  oxide  in  a 
charcoal-lined  crucible.  It  is  a silver-white,  brittle  and  exceedingly  infusible 
metal,  of  specific  gravity  8'6.  It  is  not  affected  by  exposure  to  the  air,  but  when 
heated  it  becomes  first  brown,  then  blue,  and  finally  white,  passing  through 
various  stages  of  oxidation  till  it  is  converted  into  molybdic  anhydride,  Mo03. 
Molybdenum  is  insoluble  in  HC1,  but  is  acted  upon  by  N02Ho,  or  aqua  regia, 
being  converted  into  the  anhydride,  if  sufficient  nitric  acid  be  present. 

It  forms  with  oxygen,  chlorine,  sulphur,  etc.,  compounds  in  which  the  metal 
exists  as  a dyad,  pseudo-triad,  tetrad,  liexad,  and  octad ; thus 


Oxides.  Chlorides. 

t * \ t * 1 

Molybdous  oxide,  Mo  '0  Mo"C12. 

Molybdic  „ 'Mo,/,203.  'Mo'"2C16. 

= MoO,Mo02.  — 

Molybdic  dioxide,  Molv02.  Mo1vC14. 

Molybdic  trioxide  — 

or  anhydride,  Mo03.  — 


Sulphides. 


MolvSj  (the  native  molybdenite). 
Mo'piS3  (sulphomolybdic  anhy- 
dride) . 

MoviilS4  (per- sulphomolybdic 
anhydride). 


The  higher  oxide  (anhydride)  and  sulphides  form  oxy-  and  sulpho-salts, — 
molybdates  and  sulpho-molybdales.  Black  molybdous  hydrate,  Mo'  Ho2,  forms 
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with  acids  molybdous  salts,  which  absorb  oxygen  readily  from  the  air,  and  are 
powerful  reducing  agents.  The  principal  salts  are,  however,  the  molybdates. 

REACTIONS  IN  THE  DRY  WAY. 

Molybdic  anhydride,  when  heated  on  charcoal,  in  the  outer  flame  is  volatilized 
and  forms  a yellow  crystalline  sublimate  on  the  charcoal  which  turns  white,  on 
cooling  ; in  the  inner  flame  it  is  reduced  to  the  metallic  state  (even  without 
CONao2)  ; the  metal  can  be  obtained  as  a grey  powder,  on  levigating  the  char- 
coal. With  borax,  all  oxides  of  molybdenum  give  in  the  outer  flame  a bead 
which  is  yellow,  when  hot,  and  colourless,  on  cooling  ; in  the  inner  flame,  a dark- 
brown  bead,  which  is  opaque,  when  excess  of  molybdenum  has  been  used. 


REACTIONS  IN  THE  WET  WAY. 

i 

: We  employ  A solution  or  Ammonio  Molybdate. 

The  alkaline  molybdates  are  soluble  in  water.  Most  others  are  insoluble. 

Nitric,  or  hydrochloric  acid,  precipitates  white  molybdic  acHl,  Mo02Ho2, 
from  a concentrated  solution  of  a molybdate,  soluble,  however,  in  a large 
excess  of  the  acid. 

SIT,  gradually  precipitates  from  acidulated  solutions  brownish-black  molyb- 
dic  tcrsulplildc,  MoS:„  soluble  in  alkaline  sulphides  to  sulpho-salts, 
which  are  decomposed  again  by  acids  with  precipitation  of  MoS3,  espe- 
ciallv  on  the  application  of  heat.  On  tho  addition  of  a little  SH,  only, 
the  molybdate  solution  acquires  at  first  a blue  tint;  added  in  larger 
quantities,  it  produces  a precipitate,  and  the  supernatant  fluid  appears 
green,  till  on  the  addition  of  excess  of  SH2  the  whole  of  the  metal  sepa- 
rates, though  slowly,  as  a tersulphide. 

SAm2  gives  a similar  precipitate,  soluble  in  excess. 

ItcduciiiK  apents,  such  as  SnCl2,  N,0.)lTg,o,,1  Zn  and  1101,  etc.,  produce 
changes,  marked  chiefly  by  alterations  in  colour. 

The  principal  and  most  characteristic  reaction  for  molybdic  anhydride  con- 
sists, however,  in  precipitating  it  in  a nitric  acid  solution,  m yellow  plios- 
plio-molybdatc,  or  arsenie-molybdate,  by  the  addition  of  a mere 
trace  of  a soluble  phosphate,  or  arseniate.  (Comp.  p.  136.) 


3.  TELiIjUKIUM,  To",  lv  and  vl.  Atomic  weight  128. — Ocours  in  a few 
places,  and  in  small  quantities  only,  as  native  metal  (graphic  and  foliated  tellu- 
rium) ; more  often  in  combination  with  Au,  Ag,  Bi,  Pb,  as  a (sulpho) -telluride, 
analogous  to  arsenides,  etc. ; or  as  tellurous  acid,  in  combination  with  metallic 

Tellurium  exhibits  all  the  physical  properties  of  a metal,  and  resembles  anti- 
mony in  its  general  appearance.  It  is  a white,  brittle,  but  readily  fusible  metal, 
which  may  be  sublimed  in  a glass  tube.  When  heated  in  the  air,  it  burns  with  a 
greenish-blue  flame,  emitting  thick  white  fumes  of  tellurous  anhydride,  Te02. 
The  metal  is  insoluble  in  HC1,  but  dissolves  readily  in  N02Ho,  forming  Te02,  a 
white  substance  which  fuses  to  a yellow  fluid,  at  a gentle  heat,  and  volatilises  on 
stronger  ignition  in  the  air.  Tellurous  anhydride  dissolves  barely  in  water,  and 
the  solution  does  not  redden  litmus  ; readily  in  HC1,  less  so  in  N02Ho.  It  also 
dissolves  freely  in  potash,  or  soda,  slowly  in  ammonia,  forming  alkaline  tellurites. 
On  dilution  with  water,  white  tellurous  hydrate,  TeOIIoj,  is  precipitated  from 
an  acid  solution.  A nitric  acid  solution  slowly  deposits  crystalline  tellurous  acid, 

even  without  the  addition  of  water.  . , . , . . , 

Tellurium  forms  several  oxides,  chlorides,  sulphides,  etc.,  in  which  the  metal 

is  a dyad,  tetrad,  or  hexad ; thus : — 


Tellurous  oxide  (anhydride) 

,,  acid 

Telluric  oxide  (anhydride)  . . 
„ acid 


r i 

Telv02. 
TeOIIo2. 
Tevl03. 
Te02Ho2. 


REACTIONS  OF  THE  RARE  METALS  OF  GROUP  H. 


Chlorides. 


Tellurous,  or  dichloride ^e912' 

Telluric,  or  tetrachloride TeCH*. 


Sulphides. 


TeS2. 

TeS3. 


It  also  forms  with  hydrogen  a gaseous  compound,  tellurietted  hydrogen  (or 

hi/drotelluric  acid),  Te"H2.  

Both  the  di-  and  ter-oxide  are  capable  of  forming  with  metallic  bases  salts 
called  tellurites  and  tellurates.  The  alkaline  and  alkaline  earthy  tellurites— 
formed  by  fusing  tellurous  acid  with  the  carbonates  of  these  metals— are  all 
more  or  less  soluble  in  water ; all  others  obtained  by  double  decomposition  are 
insoluble.  The  tellurates  of  the  alkali  metals,  prepared  in  like  manner,  are  also 
soluble  in  water ; the  others  are  insoluble.  They  can  be  prepared  by  double 

decomposition.  . ..  .. 

The  sulphides  of  this  metal  act  as  sulpho-acids,  forming,  with  the  alkaline 

sulphides,  sulpho-telluriles  and  tellurates. 

REACTIONS  IN  THE  DRY  WAY. 

When  tellurites,  or  tellurates,  are  heated  with  charcoal  and  COKo2,  they  are 
reduced  to  potassic  telluride,  Te"K2,  which  produces  a black  stain  on  a moist 
silver  plate,  and  is  soluble  in  water,  forming  a dark -red  solution.  When  HOI  is 
added  to  this  solution  hydrotelluric  acid  gas,  Te"H2,  is  evolved,  resembling 
SH2  in  smell,  and  soluble  in  water,  to  a pale  red  solution,  which  is  decomposed  in 
contact  with  air,  with  deposition  of  metallic  tellurium. 

All  compounds  of  tellurium  are  readily  reduced  on  charcoal  in  the  inner 
flame.  The  reduced  metal  is  volatilised  and  forms  a white  scarcely  visible 
deposit  of  tellurous  anhydride  on  the  charcoal.  Stannous  chloride  colours  it 
black,  owing  to  the  separation  of  metallic  tellurium. 

With  borax  or  microcosmic  salt  a clear  colourless  head  is  obtained,  which 
when  heated  on  charcoal,  is  rendered  grey  and  opaque,  owing  to  reduced  metal. 


EEACTIONS  IN  THE  WET  WAY. 

A.  TELLURIC  COMPOUNDS. — Use  A SOLUTION  OF  PoTASSIC  TeL- 
LURATE,  Te02Ko2  (obtained  by  fusing  potassic  tellurite  with  nitre). 

HC1  does  not  decompose  tellurates  in  the  cold,  but  on  boiling  the  solution 
chlorine  is  evolved,  and  on  dilution  with  water  tellurous  acid,  TeOHo2,  is 
precipitated,  soluble  only  in  a considerable  excess  of  HC1.  (Distinc- 
tion of  Te03  feom  Te02.) 


B.  TELLUROUS  COMPOUNDS.— Use  A SOLUTION  OF  POTASSIC  Tel- 
lueite,  TeOKo,. 

HC1  decomposes  this  solution  and  precipitates  white  tellurous  acid.  Tel- 
lurium resembles  in  this  respect  8b  and  Bi  compounds. 

SH2  precipitates  from  acid  solutions  brown  tellurous  sulphide,  TeS2, 
resembling  in  colour  SnS,  and  very  freely  soluble  in  ammonic  sulphide. 

Deducing  agents,  e.g.,  SONao2,  SnCl2,  metallic  zinc  and  HOI,  a solution 
of  sulphurous  acid,  etc.,  reduce  tellurium  compounds  and  precipitate 
black  metallic  tellurium. 

4.  SELENIUM,  Se",  iv,  and  vl.  Atomic  weight  158. — Found  native,  also 
as  belenide  of  Cu,  Pb,  Hg,  Ag,  Fe,  etc.  It  is  occasionally  found  in  the  flue- 
dust  of  roasting  furnaces,  and  as  a selenifcrous  deposit  in  the  lead  chambers  of 
sulphuric  acid  works,  where  the  acid  is  manufactured  from  seleniferous  pyrites. 

It  resembles  the  non-metallic  element,  sulphur,  in  many  respects,  e.g.,  in 
exhibiting  alike  allotropic  changes ; in  others  the  metal  tellurium.  It  is  a 
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brittle  dark-brown  substance,  fuses  at  200°  C.,  and  vaporises  at  about  700°  C., 
and  may  be  sublimed.  Heated  in  air  it  burns  with  a bluish  flame  and  forms 
selenious  anhydride,  Se02,  whilst  at  the  same  time  a disagreeable  odour  of 
decaying  horse-raddish  is  given  off.  The  same  oxide  is  formed  when  selenium 
is  dissolved  in  nitric  acid,  or  aqua  regia.  Selenates  containing  selenic  an- 
hydride, Se03,  are  formed  by  heating  selenium,  or  its  compounds,  with  carbon- 
ates and  nitrates  of  the  alkalies.  These  oxides  form  two  series  of  salts,  viz., 
selenites  and  selenates.  The  selenites  are  the  more  stable  of  the  two. 

EE  ACTIONS  IN  THE  DBY  WAY. 

Selenium  compounds  are  reduced,  when  heated  with  CONao2,  on  charcoal,  in 
the  inner  blowpipe  flame,  and  may  be  readily  recognised  by  the  characteristic 
smell  of  horse-raddish  which  they  give  off.  If  the  saline  residue,  which  contains 
sodic  selenide,  SeNa2,  be  placed  on  a bright  silver  coin  and  moistened  with  a drop 
of  water,  a black  stain  is  produced  on  the  silver.  Treated  with  dilute  HC1,  it 
evolves  gaseous  hydroselcnic  acid  (selenietted  hydrogen),  SeH2,  analogous  in 
composition  and  properties  to  sulphuretted  hydrogen.  It  is  an  inflammable, 
foetid,  poisonous  gas,  very  soluble  in  water.  The  aqueous  solution  of  SeH2 
gradually  deposits  selenium  on  exposure  to  air ; it  precipitates  sclcnldes  from 
solutions  of  many  metallic  salts. 

EEACTIONS  IN  THE  WET  WAY. 

A.  SELENIC  COMPOUNDS. — Use  A SOLUTION  OE  POTASSIC  SeLENATE, 
Se02Ko2. 

Selenates  are  stable  salts,  closely  resembling  the  sulphates.  They  are  soluble 
in  water  with  the  exception  of  the  barium,  strontium,  calcium  and  lead  salts, 
which  are  insoluble  in  water  and  in  dilute  acids. 

HC1  decomposes  selenates,  on  boiling  ; chlorine  is  evolved,  and  the  salt  is 
reduced  to  a selenite.  (Distinction  feom  Se02.) 

SII.,  does  not  produce  a precipitate,  till  the  selenato  has  been  reduced  to 
selenite,  by  boiling  with  HC1. 

BaCl2  produces  a ivhite  precipitate  of  baric  selcnatc,  Se02Bao",  insoluble 
in  water  and  in  dilute  acids  ; decomposed  by  boiling  HOI. 

B.  SELENIOUS  COMPOUNDS. — Use  a solution  OE  an  Alkaline 
Selenite. 

The  normal  alkaline  selenites  are  soluble  in  water,  most  others  are  insoluble  ; 
all  acid  selenites  are  soluble.  HC1  does  not  decompose  selenites. 

Sll2  produces  from  an  acid  solution  of  a selenite,  a lemon-yellow  precipitate 
of  selenious  sulphide,  SeS2  (?)  readily  soluble  in  ammonic  sulphide. 

BaCl2  gives  a white  precipitate  of  baric  selenite,  SeOBao",  soluble  in  dilute 
HC1,  or  N02Ho. 

Reducing  agents,  such  as  S02,  alkaline  sulphites,  SnCl2,  metallic  Zn,  and 
Fe,  precipitate  from  acidulated  (HC1)  solutions  metallic  selenium,  as  a 
red  powder,  which  turns  grey  at  a high  temperature.  (S02Feo"  is  with- 
out action).  Metallic  copper  is  immediately  coated  black  when  placed  in 
a warm  solution  containing  hydrochloric  acid,  and  on  standing,  the  solu- 
tion turns  light  red,  from  separation  of  metallic  selenium. 


Group  I comprises  the  Rare  Metals  precipitable  by  HC1,  viz., 
the  metal  Tungsten,  or  Wolfram,  which  is  precipitated  as  tungstic 
acid,  W02Hoj,  and  Thallium  precipitated  as  tliallious  chloride,  T1C1. 
Several  other  metals  already  treated  of  in  Group  III  besides 
Thallium,  viz.,  Niobium,  Tantalum,  Molybdenum,  are  likewise  pre- 
cipitated, but  the  precipitated  acids  (Nb02Ho,  Ta02Ho  and 
Mo02Ho2)  dissolve  again  in  an  excess  of  hydrochloric  acid. 
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1.  TUNGSTEN,  or  WOLFRAM,  Wiv  and  vi.  Atomic  weight  184. — This 
metal  occurs  in  nature  as  teroxide  iu  the  form  of  tungstates,  in  combination  with 
the  bases  CaO,  FeO,  MnC1,  in  the  minerals  wolfram , W02  [Feo"  Mno"]  and 
tungsten,  WC^Cac". 

The  metal  can  be  obtained  by  intensely  heating  the  oxide  in  a current  of 
hydrogen.  It  forms  an  iron-grey  powder,  very  difficultly  fusible,  and  becomes 
again  oxidised  to  tungstic  anhydride,  W03,  when  heated  in  air.  Dry  chlorine 
gas  converts  it  into  dark  violet,  WC16,  which  sublimes,  and  a more  volatile  red 
compound,  WC14.  Both  chlorides  are  decomposed  by  water  into  the  correspond- 
ing hydrates,  with  formation  of  HC1.  The  metal  is  insoluble,  or  scarcely  soluble, 
in  acids,  even  in  aqua  regia. 

The  following  are  some  of  the  more  important  compounds  which  tungsten 
forms  with  oxygen,  chlorine,  and  sulphur. 

Oxides. 

Tungstic  anhydride  (lemon -yellow)  ....  Wvi03. 

Tungstic  dioxide  (brownish-black)  ....  Wvi02. 

Intermediate  (blue-coloured)  oxide  ....  W2Os. 

= w>'02,W''io3 


Chlorides.  Sulphides. 


W'>C16. 
Wi*Cl4. 
WC16. 

= ■WCl^.WClg. 


W'-‘S3.^ 


Tungstic  anhydride  can  be  prepared  from  wolfram  or  tungsten,  by  digesting 
the  finely  divided  mineral  in  aqua  regia,  till  it  is  completely  decomposed,  and 
evaporating  to  dryness  on  a water-bath.  The  metallic  chlorides  are  dissolved 
out  with  acidulated  water,  and  the  residue,  which  contains  a little  silica  and  some- 
times niobic  acid,  washed  with  alcohol  and  treated  with  ammonia.  Tungstic 
acid  is  dissolved,  and  silicic  and  niobic  acids  are  left  behind.  From  the  ammonia 
salt,  pure  anhydride  is  obtained  by  the  evaporation  of  the  filtrate  and  ignition. 

REACTIONS  IN  THE  DRY  WAY. 

When  heated  on  charcoal  in  the  reducing  flame,  together  with  CONao2  and 
KCy,  tungstic  anhydride  is  reduced  to  a black  powder,  containing  metallic 
tungsten.  Heated  with  microcosmic  salt,  tungsten  compounds  give  a colourless 
bead  in  the  outer  flame  ; in  the  inner  flame  a blue  bead,  which  on  the  addition 
of  a little  S02Feo"  changes  to  blood-red.  The  addition  of  tin  changes  the  red 
bead  to  blue  or  green. 


REACTIONS  IN  THE  WET  WAY. 

We  may  employ  a solution  op  Sodio  Tungstate,  W02Nao„. 

The  alkaline  tungstates  are  soluble  in  water,  all  others  are  insoluble,  and  can 
be  obtained  by  double  decomposition. 

Mineral  acids  (HC1,  N02Ho,  or  S02Ho2)  precipitate  white  tungstic  acid, 
W02Ho2.  It  turns  yellow  on  boiling,  and  is  quite  insoluble  in  excess  of  the 
acids.  (Distinction  prom  fflto03) . Non-volatile  acids  (e.g.,  phosphoric,  tar- 
taric) precipitate  it  likewise,  but  the  precipitate  is  soluble  in  excess.  It  is  also 
readily  soluble  in  Am  Ho. 

SH2  produces  no  precipitate  from  an  acid  solution,  but  reduces  the  tungstic 
acid  to  the  blue  oxide,  W206. 

SAm2  produces  no  precipitate  from  alkaline  tungstates,  but  on  acidulating 
with  HC1,  light  brown  tungstic  tersulphide,  WS3  is  precipitated, 
slightly  soluble  in  pure  water,  but  insoluble  in  the  presence  of  salts.  The 
solution  is  coloured  blue.  The  precipitated  sulphide  dissolves  readily  in 
amnionic  sulphide. 

SnCl2  gives  at  first  a yellow  precipitate  ; on  acidulating  with  HC1  and 
applying  heat,  the  precipitate  acquires  a beautiful  blue  colour.  This 
reaction  is  very  delicate  and  highly  characteristic. 
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REAGENTS. 

SOLVENTS. 

Distilled  Water.* — Obtained  by  condensing  steam  by  means  of  a tin  worm. 
The  first  portions  of  the  condensed  water  usually  contain  carbonic  anhydride  and 
ammonic  carbonate,  and  should  be  rejected. 

Impurities. — When  evaporated  in  a platinum  vessel,  distilled  water  should 
not  leave  a solid  residue,  either  organic  or  mineral.  Ammonic  sulphide  ought 
not  to  give  a precipitate  (Cu,  Pb,  lie) , neither  ought  basic  plumbic  acetate  to 
cause  a turbidity  (C02,  COAmo2).  No  turbidity  or  precipitate  should  be  pro- 
duced, moreover,  on  the  addition  of  ammonic  oxalate  (lime),  baric  chloride  (sul- 
phates), or  argentic  nitrate  (chlorides).  Pure  distilled  water  is  colourless, 
inodorous,  and  tasteless. 

Water  used  for  Nessler’s  test  should  be  specially  distilled  in  a glass  retort 
with  a few  pieces  of  caustic  potash,  and  the  distillate  rejected  as  long  as  the 
Nessler  solution  indicates  any  traces  of  ammonia. 

Alcohol  (Methylated  Spirit),  C2H6Ho  or  EtHo— Ordinary  methylated 
spirit  (i.e.,  ethylic  alcohol,  90  p.  c.,  mixed  with  10  p.  c.  of  wood  spirit  or  metliylic 
alcohol)  may  bo  employed  for  most  purposes.  It  can  be  rendered  absolute  by 
shaking  with  well  dried  potassic  carbonate  and  distilling  the  clear  spirit  in  a flask 
or  retort  from  a water-bath. 

Impurities. — Commercial  mothylated  spirit  frequently  leaves  a residue  on 
evaporation,  if  so,  it  should  be  rectified  by  distillation.  It  should  be  without 
action  upon  litmus  papers. 

Ether,  OEt2. — The  ordinary  ether  (methylated,  i.e.,  prepared  from  methy- 
lated alcohol)  of  commerce,  is  pure  enough. 

ACIDS. 

Sulphuric  Acid,*  S02IIo2— Common  oil  of  vitriol  may  be  used  in  all 
operations  with  which  its  usual  impurities  (lead,  arsenic,  iron,  lime,  nitric  acid)  do 
not  interfere.  Sulphuric  acid,  free  from  arsenic,  should  be  employed  for  genera- 
ting arsenietted  or  antimonietted  hydrogen,  and  an  acid  free  from  lead,  whenever 
this  metal  has  to  be  precipitated  as  sulphate.  Sulphuric  acid,  free  from  nitric 
acid  and  nitric  peroxide,  ought  to  be  employed  in  testing  for  nitric  acid  by  means 
of  ferrous  sulphate. 

Impurities. — Pure  sulphuric  acid  is  colourless,  and  leaves  no  residue  on  evapo- 
ration in  a porcelain  dish.  When  a solution  of  ferrous  sulphate  is  poured  upon  it 
in  a narrow  test-tube,  it  should  not  form  a brown  ring  where  the  two  liquids 
come  in  contact  (nitric  acid  and  nitric  peroxide),  nor  strike  a blue  colour  when  a 
highly  diluted  solution  of  the  acid  is  added  to  a solution  of  pure  potassic  iodide 
and  starch  paste  (nitric  peroxide).  The  presence  of  arsenic  is  best  ascertained 
by  passing  a current  of  sulphuretted  hydrogen  through  tho  dilute  acid,  or  by 
generating  hydrogen  from  zinc  free  from  arsenic,  and  passing  the  gas  through  an 


* The  asterisk  marks  the  more  important  reagents. 
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ignited  combustion  tube  (Marsh’s  test,  Fig.  14).  Plumbic  sulphate,  is  frequently 
found  in  sulphuric  acid,  and  is  precipitated  on  diluting  with  water,  being  less 
soluble  in  dilute  than  in  concentrated  acid.  Hydrochloric  acid  should  cause  no 

turbidity  (lead)  where  the  tyro  liquids  meet.  . 

The  pure  acid  can  readily  be  bought  now,  and  the  student  should  not  attempt 
to  purify  the  crude  acid. 

Dilute  Sulphuric  Acid.*— Prepared  by  pouring  slowly  one  part  by 
measure  of  the  concentrated  acid  (sp.  gr.  1'8)  into  five  parts  by  measure  of  dis- 
tilled water,  with  continuous  stirring.  Thin  glass  vessels  (beakers)  or  a porcelain 
dish  should  be  employed,  as  much  heat  is  evolved.  Allow  the  plumbic  sulphate 
to  subside,  and  decant  or  syphon  off  the  clear  liquid. 


Nitric  Acid,*  Aqua  fortis,  N02Ho.— Should  be  colourless,  and  leave  no 
Residue  on  evaporation  in  a glass  dish. 

Impurities.^-  Sulphuric  and  hydrochloric  acids.  Dilute  considerably,  and  test 
portions  with  baric  nitrate  and  argentic  nitrate. 


Dilute  Nitric  Acid.* — Prepared  by  diluting  one  part  of  pure  commercial 
acid  (sp.  gr.  138  to  T45)  with  three  parts  of  distilled  water. 


Crude  Nitric  Acid.* — May  be  employed  for  all  experiments  in  which  the 
above  impurities  do  not  interfere,  e.g.,  in  the  preparation  of  N202  or  N203  by 
the  action  of  nitric  acid  upon  copper  or  arsenious  anhydride. 


Concentrated  Hydrochloric  Acid,*  Muriatic  Acid,  HC1. — Should  be 
colourless,  and  leave  no  residue  on  evaporation. 

Impurities. — Ferric  chloride,  sulphurous  and  sulphuric  acids,  arsenic.  The 
acid  should  not  impart  a blue  colour  to  a. solution  of  K I and  starch  paste  (Cl  or 
Fe2Cl6).  On  adding  a few  drops  of  a solution  containing  iodide  of  starch,  the 
blue  colour  should  not  be  destroyed  (S02).  The  dilute  acid  should  remain  clear 
on  the  addition  of  a solution  of  baric  chloride  (S02IIo2) . Sulphuretted  hydro- 
gen, when  passed  through  the  dilute  acid,  should  not  produce  a precipitate 
(arsenic),  nor  should  ammonic  sulphocyanate  redden  the  diluted  acid  (iron). 

Dilute  Hydrochloric  Acid.* — Pure  commercial  acid,  sp.  gr.  1T6,  is  diluted 
with  three  times  its  bulk  of  distilled  water. 

Crude  Hydrochloric  Acid.* — Should  be  employed,  whenever  the  impuri- 
ties which  it  contains  do  not  interfere  with  the  object  in  view,  as  for  instance  in 
the  preparation  of  chlorine  from  manganic  dioxide. 

Aqua  Kcsia  or  Nitrohydrochloric  Acid. — Prepared,  when  required 
only,  by  mixing  one  part  of  concentrated  nitric  acid  with  three  to  four  parts  of 
hydrochloric  acid. 

Sulphurous  Acid,  SOIIo2. — Prepared  by  acting  with  concentrated  sul- 
phuric acid  upon  copper,  and  passing  the  gas  into  water.  The  solution  should 
be  kept  in  a well  stoppered  bottle. 

Carbonic  Acid  Water. — A solution  is  prepared  by  acting  with  hydro- 
chloric acid  upon  marble,  and  passing  the  evolved  carbonic  anhydride  into 
water. 

Chlorine  Water. — A solution  of  chlorine  in  water  is  readily  prepared.  It 
should  be  kept  in  a well-stoppered  bottle,  and  in  a dark  place,  since  on  exposure 
to  light,  it  is  speedily  converted  into  HC1  with  evolution  of  oxygen. 

f CH 

Acetic  Acid,*  -I  cq|j0-  Pure  commercial  acid  of  sp.  gr.  1 ‘04,  diluted  with 

one  part  of  water  may  be  used.  It  should  leave  no  residue  on  evaporation. 

Impurities. — Sulphuric  and  hydrochloric  acids,  lead,  copper,  iron,  lime. 
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Tavtarle  Acid,  THo2. — A solution  is  prepared  when  required  only,  as  the 
acid  undergoes  decomposition  in  an  aqueous  solution.  One  part  by  weight  of 
commercial  tartaric  acid  of  sufficient  purity  is  dissolved  in  three  parts  of  water 
(i.e.,  1 grm.  in  3 e.e.  of  water). 

Impurities. — Tartaric  acid  contains  sometimes  gypsum  and  calcic  tartrate, 
which  are  best  tested  for  by  igniting  a few  crystals  on  platinum,  extracting  the 
residue,  if  any,  with  a few  drops  of  dilute  HC1,  and  adding  to  one  portion  BaCl2, 

to  another  AmHo,  and  | 

Oxalic  Acid,  cOHo"  commel-c^a^  a°id  is  sufficiently  pure.  It 

should  not  leave  more  than  a trace  of  a residue  on  ignition. 

Impurities. — Iron,  potassic  and  sodic  oxalates,  lime.  Dissolve  one  part  by 

weight  of  the  crystallised  acid,  | cOHo’  + ^ aT>  in  ten  parts  by  measure  of 
water. 

Hydrofluoric  Acid,  HF. — A solution  stored  up  in  a gutta-percha  bottle  is 
best  bought,  as  its  preparation  involves  expensive  apparatus.  It  should  leave  no 
fixed  residue  on  evaporation  to  dryness. 

Hydrofluoslllclc  Acid,  2IIF,SiF4. — A solution  of  this  acid  in  water  is 
prepared,  as  described,  p.  133.  It  should  be  made  sufficiently  strong  to  precipi- 
tate a soluble  baric  salt  readily. 

Impurities. — Owing  to  the  mode  of  preparation  the  acid  is  often  contaminated 
with  sulphuric  acid.  It  should  not  produce  a precipitate  in  a solution  of  a 
strontic  salt  (SOJIo2). 

Hydrosulpliurlc  Acid,  SID. — Prepared  when  required.  In  well  ap- 
pointed laboratories  sulphuretted  hydrogen  is  now  usually  stored  in  a gasholder 
over  oil,  and  supplied  like  coal  gas  from  small  taps,  in  closets,  connected  with  the 
chimney.  The  gas,  whether  obtained  from  a constant  generating  apparatus,  or 
from  a gasholder,  should  invariably  be  passed  through  a wash-bottle  containing 
water.  A saturated  solution  of  sulphuretted  hydrogen  in  water  answers  most 
purposes  of  the  analyst.  It  should  be  kept  in  a well-stoppered  bottle,  since 
sulphuretted  hydrogen  decomposes  rapidly  when  in  contact  with  air  with  forma- 
tion of  sulphur  acids  and  precipitation  of  white  sulphur. 

If  the  gas  be  required  entirely  free  from  AsH3,  it  should  be  generated  by 
acting  with  pure  HC1  (concentrated)  upon  native  grey  antimony , Sb2S3. 


BASES  AND  METALS. 

Potassic  Hydrate,*  EHo,  or  Sodic  Hydrate,  NaHo— Usually  obtained 
in  commerce  in  the  form  of  sticks  or  lumps,  which  may  be  dissolved  in  twenty 

P Impurities  — Silica,  alumina,  phosphoric,  sulphuric,  and  hydrochloric  acids 
(sulphates  and  chlorides,  often  in  not  inconsiderable  quantities),  and  carbonic 
acid.  On  dissolving  in  water,  and  allowing  the  suspended  matter  to  subside,  the 
clear  solution  may  be  syphoned  offi 

Pure  sodic  hydrate  is  indispensable  for  the  separation  of  alumina  Irom  tne 
oxides  of  iron  and  chromium. 

Amnionic  Hydrate,*  AmHo— The  liquor  ammonia  of  commerce,  sp.  gr. 
•88,  is  diluted  with  distilled  water  till  the  liquid  has  a sp.  gr.  of  '96  = 10  per 

Impurities. — A solution  of  ammonia  should  be  colourless;  on  neutralizing 
with  pure  HC1  it  should  remain  inodorous.  When  evaporated  in  a glass  or 
platinum  dish,  it  should  not  leave  any  residue.  Ammonia  contains  frequently 
traces  of  sulphuric  and  hydrochloric  acids,  and  sometimes  not  inconsiderable 
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quantities  of  ammonic  carbonate,  when  it  produces  a white  precipitate  on  the 
addition  of  lime  water. 


Baric  Hydrate,*  BaHo2.— Obtained  by  dissolving  in  a stoppered  bottle 
one  part  of  crystallized  baric  hydrate,  BaHo,  + 8aq.  in  twenty  parts  of  water. 
Allow  to  subside  and  syphon  off  into  another  well-stoppered  bottle  . 

Impurities  —The  solution  commonly  called  baryta-water  should,  on  precipi- 
tating with  pure  S02Ho2,  give  a filtrate  which  leaves  no  fixed  residue  on  evapo- 
rating to  dryness  in  a platinum  vessel. 


Calcic  Hydrate.*  CaHo2— Freshly  slaked  lime  in  powder  is  used  in 
qualitative  analysis,  as  well  as  a solution  of  lime,  so-called  lime-water.  This  is 
prepared  by  dissolving  in  cold  distilled  water  some  freshly  slaked  lime,  allowing 
to  subside  in  a stoppered  bottle,  and  syphoning  off  the  clear  liquid  into  another 
bottle.  Lime-water  contains  about  1 part  of  lime  dissolved  in  600  of  water. 


Amnionic  Sulphide,*  SAm2.— Prepared  by  saturating  three  parts  of 
ammonic  hydrate  with  sulphuretted  hydrogen  gas,  whereby  SHAm  is  formed. 
On  diluting  this  solution  of  hydric  ammonic  sulphide  with  two  parts  ot  ammonic 
hydrate,  a sulphide  is  obtained  which  contains  a little  free  ammonia,  i he  con- 
centrated  solution  may  be  diluted  with  ten  times  its  bulk  of  water.  It  should  be 
kept  in  well-stoppered  bottles.  Calcic  or  magnesic  salts  should  not  be  precipi- 
tated ; nor  should  the  solution  leave  a residue  on  evaporation  and  ignition.  The 
oxygen  of  the  air  decomposes  it  gradually  into  NH3,  OH2  and  yellow  SSAm2. 

Yellow  Amnionic  Sulphide,  SSAm2. — Used  for  the  solution  and  con- 
version of  SnS  into  SnS2.  It  may  be  prepared  by  digesting  the  neutral  SAm, 
with  flowers  of  sulphur  and  filtering  the  liquid. 


Sodlc  Sulphide,  SNa* — Prepared  by  saturating  one  portion  of  a solution 
of  sodic  hydrate  with  sulphuretted  hydrogen,  and  adding  to  it  the  second  portion. 
A little  ferrous  sulphide,  which  is  generally  precipitated,  is  filtered  off.  The 
solution  must  be  kept  in  a well-stoppered  bottle. 


SALTS. 

Potassic  Sulphate,  S02Ko2. — Dissolve  one  part  of  the  commercial  salt 
in  twelve  parts  of  water. 

Potassic  Iodide,  KI. — The  commercial  salt  is  generally  sufficiently  pure. 
Dissolve  in  sixty  parts  of  water.  Pure  KI  should  be  free  from  iolate  and 
carbonate.  It  should  not  colour  starch  paste  blue  on  the  addition  of  dilute 
S02Ho2. 

Potassic  Nitrite,  NOKo. — Dissolve  one  part  of  the  commercial  salt  in  two 
parts -of  water,  when  required  for  use. 

Potassic  Chromate,  Cr02Ko2. — Dissolve  the  salt  of  commerce  in  ten 
parts  of  water. 

Impurities. — Sulphuric  acid.  The  solution  ought  not  to  become  turbid  on 
the  addition  of  dilute  HC1  and  BaCl2. 

DIpotassic  Dichromate,  Cr205Ko2. — Purify  the  commercial  salt  by  re- 
crystallisation till  it  is  free  from  S02Ko2,  and  dissolve  one  part  in  ten  of  water. 

Potassic  Metantlmoniatc,  Sb02Ko  +-  5 aq. — Prepared  by  deflagrating 
in  a Hessian  crucible  one  part  of  finely  powdered  antimony  with  four  parts  of 
saltpetre.  Pour  the  fused  mass  on  a stone  slab.  Powder  it,  and  boil  with  twelve 
parts  of  water  for  two  or  three  hours,  and  filter,  when  a clear  and  neutral  solution 
is  obtained.  KOI  and  AmCl  should  not  precipitate  it. 

Potassic  Ferrocyanidc,*  K4EeCy6,  and  Ferrlcyanlde,  K6Pe2Cyi2. — 
These  salts  can  be  purchased  in  a state  of  sufficient  purity.  They  are  dissolved, 
in  small  quantities  at  a time,  in  twelve  parts  of  water. 
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Potassic  Sulpliocyaiiatc,  CyKs,  or  Amnionic  Suliihocyanate, 

CyAms. — Dissolve  in  10  parts  of  water. 

Impurities,  such  as  S02Ilo2,  do  not  interfere  with  the  reactions. 

Sodic  Carbonate,*  CONao2. — Procure  the  pure  salt,  which  should  be  free 
from  sulphate  and  chloride.  The  solution  should  not  give  a precipitate  after 
conversion  into  a nitrate,  when  treated  with  concentrated  N02Ho  and 
Mo02Amo2,  and  should  not  leave  a residue,  insoluble  in  water,  on  acidulating 
with  pure  HC1  and  evaporating  to  dryness  (Si02). 

Dissolve  the  dry  salt  in  five  parts  of  water. 

Hyilric  Disodic  Phosphate,*  POIIoNao2  + 12  aq. — Recrystallise  the 
commercial  salt  and  dissolve  one  part  of  pure  salt  in  ten  parts  of  water. 

Impurities. — Sulphate  and  chloride. — Amnionic  hydrate  shoidd  not  cause 
any  turbidity  on  warming  (alkaline  earthy  phosphates) . 

f CH- 

Sodic  Acetate,  -j  qoNuo  + ® a(h — The  commercial  salt  generally  contains 

sodic  sulphate.  If  a pure  salt  cannot  be  procured,  sodic  acetate  may  be  prepared 
by  neutralising  pure  sodic  carbonate  with  pure  acetic  acid.  Dissolve  the  salt  in 
ten  parts  of  water. 

Sodic  Acetate  and  ACetic  Acid. — Dissolve  20  grins,  of  pure  crystal- 

r qtt 

lised  j QQ^ao  i’1  1G0  c.c.  of  water,  and  add  40  c.c.  of  concentrated 

| qq|jq.  This  solution  is  used  for  tho  precipitation  of  ferric,  aluminic,  and 
chromic  phosphates. 

llydric  Sodic  Sulphite,  SOHoNao. — Dissolve  one  part  of  the  salt  in 
five  parts  of  water.  Hydric  amnionic  sulphite  may  frequently  be  used  with 
greater  advantage. 

Sodic  Hyposulphite,  SSONao2  + 5 aq.— Roadily  procurable  in  a pure 
state.  Dissolve  one  part  of  the  salt  in  forty  parts  of  water. 

Sodic  Hypochlorite,  ClNao. — Prepared  by  shaking  up  one  part  of  bleach- 
ing powder  with  ten  parts  of  water,  and  adding  a saturated  solution  of  commer- 
cial sodic  carbonate  as  long  as  a precipitate  is  produced.  Allow  to  subside,  and 
syphon  off. 

Amnionic  Oxalate,*  j QQAmo  + "-T- -Purify  the  commercial  salt  by 

reerystallisation  and  dissolve  one  part  in  twenty-four  parts  of  water. 

Impurities.—  The  salt  should  leave  no  fixed  residue  on  ignition.  Sul- 
phuretted hydrogen  or  amnionic  sulphide  ought  not  to  produce  a turbidity  or  a 
precipitate. 

Amnionic  Carbonate,*  COAmo2. — Prepared  by  dissolving  one  part  of  the 
commercial  scsquicarbonate,  after  scraping  off  from  the  lumps  any  foreign 
matter,  in  four  parts  of  water  and  adding  one  part  of  strong  ammonia  solution. 
If  a precipitate  of  ferric  hydrate  be  thrown  down,  it  is  allowed  to  subside,  and 
the  clear  solution  is  syphoned  off. 

Impurities.—  Iron,  lead,  sulphuric  and  hydrochloric  acids.  The  salt  should 
volatilize  completely  and  give  no  precipitate  with  baric  chloride,  or  argentic 
nitrate  (after  acidulating  with  hydrochloric  or  nitric  acid  respectively),  also  no 
precipitate  with  sulphuretted  hydrogen  or  amnionic  sulphide. 

Hydric  Amnionic  Carbonate,  COHo Amo.— Obtained  in  colourless 
rhombic  prisms,  on  passing  carbonic  anhydride  to  supersaturation  into  a 
concentrated  solution  of  ammonia.  The  salt  is  employed  for  the  separation 
of  Ab2S3  from  Sb2S3  and  SnS2.  A saturated  solution  is  prepared  when 

required. 

Amnionic  Chloride,*  AmCl.— Tho  commercial  salt  (sal-ammoniac)  usually 
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contains  iron.  Purify  by  adding  to  the  solution  a little  amnionic  hydrate. 
Allow  the  ferric  hydrate  to  subside  and  neutralize  the  alkaline  filtrate  exactly 
with  pure  HC1.  the  salt  should  leave  no  fixed  residue  on  ignition.  Dissolve  m 
five  parts  of  water. 

Amnionic  Molybdate,  MoO,Amo,.— This  salt  may  be  purchased.  It  is 
dissolved  in  strong  ammonia  and  allowed  to  stand  for  some  time.  A slight  yellow 
precipitate  containing  ferric  hydrate  usually  subsides.  The  clear  tlmd  is  poured 
into  concentrated  nitric  acid  as  long  as  the  molybdic  acid  which  at  first  preci- 
pitates is  entirely  redissolved.  The  nitric  acid  solution  should  remain  colourless 
on  boiling.  A yellow  precipitate  indicates  contamination  with  phosphoric  acid, 
and  the  reagent  should  not  be  used,  till  it  remains  clear  on  digestion. 

Amnionic  Sulphate,  S02Amo2.— Recrystallize  the  commercial  salt  from  an 
ammoniacal  solution  in  order  to  separate  iron.  Keep  a saturated  solution  for  use. 


Amnionic  Nitrate,  N02Amo. — The  commercial  salt  is  dissolved,  when 
required,  to  a saturated  solution.  It  should  leave  no  residue  when  ignited  on 
platinum. 

Baric  Chloride,*  BaCl2  + 2 aq.— The  commercial  salt  is  rarely  pure 
enough,  and  not  unfrequently  contains  lead.  It  should  not  give  a precipitate 
with  sulphuretted  hydrogen  or  ammonic  sulphide,  nor  should  a residue  be  left 
after  precipitating  the  whole  of  the  barium  by  pure  sulphuric  acid  and  evapo- 
rating the  filtrate  in  a platinum  dish.  Purify,  if  necessary,  by  passing  a current 
of  sulphuretted  hydrogen,  filtering  and  recrystallizing.  Dissolve  in  ten  parts  of 
water. 


Baric  Nitrate,  N204Bao".— Should  not  be  precipitated  by  argentic 
nitrate,  as  it  is  sometimes  employed,  instead  of  baric  chloride,  in  order  to  avoid 
introducing  any  chlorine  into  a solution.  Pure  baric  acetate  answers  the  same 
purpose.  For  other  impurities,  test  as  for  baric  chloride.  Dissolve  one  part  in 
15  parts  of  water. 

Baric  Carbonate,*  COBao". — Prepared  by  precipitation  of  pure  baric 
chloride  with  ammonic  carbonate  and  AmHo.  Wash  well  till  free  from  AmCl ; 
stir  up  the  precipitated  baric  carbonate  with  water  to  a thick  creamy  con- 
sistency, and  keep  it  for  use  in  a stoppered  bottle.  Shake  up  before  using  this 
reagent. 

Calcic  Chloride,*  CaCl2  + 6 aq. — The  commercial  salt  is  dissolved  in  five 
parts  of  water.  The  solution  should  be  neutral  to  test-papers,  and  should  not  be 
precipitated  by  ammonic  sulphide  (iron). 

Calcic  Sulphate,  S02Cao". — A saturated  solution  is  prepared  by  re- 
peatedly shaking  up  gypsum  (SOHo2Cao"  + aq.)  with  water,  allowing  to  subside, 
and  syphoning  off  the  clear  liquid. 

Magneslc  Sulphate.— Dissolve  the  commercial  salt  (SOHo2Mgo"  + 6aq.) 
(recrystallized,  if  necessary),  in  ten  parts  of  water. 


Magnesia  Mixture. — Dissolve  55  gms.  of  crystallized  MgClo  in  distilled 
water,  add  VO  grins,  of  AmCl  and  350  c.c.  of  concentrated  solution  of  ammonic 
hydrate,  and  make  up  to  1 litre. 

Ferrous  Sulphate. — The  commercial  salt  (SOIIo2Eeo"  + 6 aq.),  is  pure 
enough.  Dissolve  as  required  for  use  in  ten  parts  of  water. 

Ferric  Chloride,*  Fe2Cl6. — Prepared  by  dissolving  freshly  precipitated 
and  well  washed  Fe2IIoG  in  pure  HOI,  keeping  the  ferric  hydrate  in  excess. 
Allow  to  cool,  dilute  with  an  equal  bulk  of  water  and  filter. 


Plumbic  Acetate,*  ( | cO^  ^bo". 
parts  of  water. 


Dissolve  the  commercial  salt  in  ten 


Argentic  Nitrate,*  N02Ago. — Prepared  either  from  silver  (pure),  or  from 
a silver  alloy  (a  silver  coin),  by  dissolving  in  pure  nitric  acid,  and  precipitation  as 
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AgCl.  Filter  off  the  cupric  salt,  and  wash  thoroughly  with  hot  water  ; transfer 
to  a porcelain  dish,  and  introduce  clean  strips  of  zinc.  Collect  the  finely  divided 
silver  on  a filter,  wash  thoroughly  with  hot  water,  acidulated  with  a little  sul- 
phuric acid,  and  dissolve  in  dilute  nitric  acid.  Evaporate  the  solution  to  dryness, 
and  fuse  the  residue  gently.  Dissolve  in  twenty  parts  of  water. 

Mercurous  Nitrate. — Dissolve  the  crystals  of  the  commercial  salt, 

NO 

jjQ2Hg2o"  + 2 aq.,  in  20  parts  of  cold  water,  acidulated  with  1'2  part  of  nitric 
acid.  Keep  some  metallic  mercury  in  the  filtered  solution. 

Mercuric  Chloride,  Hg-Cl2. — Dissolve  the  commercial  corrosive  sublimate 
in  twenty  parts  of  water. 

Ncssler’s  Solution. — Dissolve  3'5  grins,  of  KI  in  10  c.c.  of  water;  next 
dissolve  l-6  grm.  of  Hg-Cl,  in  30  c.c.  of  water;  add  the  mercury  solution  gradu- 
ally, and  with  continuous  agitation  to  the  solution  of  potassic  iodide,  until  the 
precipitate  ceases  to  bo  ro-dissolved ; then  add  60  c.c.  of  potassic  hydrate  and 
filter.  Keep  in  a small  bottle,  out  of  contact  with  ammonia  fumes. 

This  reagent  is  of  great  value  for  the  detection  of  mere  traces  of  ammonia. 

Cupric  Sulphate. — The  commercial  salt  (SOHo2Cuo"  + 4 aq.)  is  purified 
by  repeated  crystallisation.  Dissolve  the  crystals  in  ten  parts  of  water. 

Impurities. — Iron,  zinc. 

Cupric  Chloride,  CuCU. — Prepared  by  dissolving  cupric  oxide  in  HOI. 

Cuprous  Chloride, 'Cu^Cls. — Obtained  by  digesting  CuCl>  with  metallic 
cojiper  and  IIC1. 

Stannous  Chloride,  SnCl». — Prepared  by  boiling  pure  granulated  tin  in 
concentrated  HC1,  with  the  aid  of  a piece  of  platinum  foil.  Dilute  with  four 
volumes  of  water,  acidulated  with  ITC1.  Keep  the  filtered  solution  over  granu- 
lated tin  in  a small  stoppered  bottle. 

Auric  Chloride,  Au013. — Prepared  by  dissolving  pure  gold  in  aqua  regia, 
evaporating  to  dryness  on  a water-bath  and  dissolving  in  water. 

Platinlc  Chloride,  PtCl4. — Dissolve  some  platinum  scraps  in  aqua  regia. 
Precipitate  with  AmCl.  Collect  precipitate  on  a Swedish  filter-paper ; wash 
with  strong  alcohol ; dry  and  ignite  in  a porcelain  crucible,  gently  at  first,  and 
lastly  to  intense  redness.  Redissolve  the  spongy  platinum  in  aqua  regia.  Evapo- 
rate repeatedly  to  dryness  on  a water-bath,  with  addition  of  HG'l.  Dissolve  in 
ten  parts  of  water.  Pure  platinic  chloride  should  dissolve  completely  to  pure 
alcohol. 

METALS  AND  OXIDES. 

Zinc,  free  from  arsenic,  granulated,  and  in  the  form  of  strips  or  sticks. 

Iron  {steel),  copper,  tin,  lead,  platinum  (used  in  the  form  of  wire,  bars,  sheet, 
turnings)  and  mercury  can  be  obtained  of  sufficient  purity  for  the  purposes  of 
qualitative  analysis. 

Metallic  Lead  free  from  Silver. — Prepared  by  precipitation  of  plumbic 
acetate  by  metallic  zinc. 

Plumbic  Dioxide,  Pb02.— Readily  prepared  by  digesting  red  lead  in 
boiling  dilute  nitric  acid.  The  brown  powder  is  well  washed  by  decantation,  and 
lastly  on  the  filter. 

Manganic  Dioxide,  MnOj — Use  the  powdered  commercial  black  oxide. 

Ilydrlc  Peroxide,  02H2,  or  Ho2.— A solution  may  be  prepared  by  passing 
a current  of  carbonic  anhydride  through  water  in  which  baric  peroxide  is  sus- 
pended. The  precipitated  baric  carbonate  is  filtered  off. 


REAGENTS. 
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Reagents  used  for  Fusions  and  for  Blowpipe  Reactions. 

Sodic  Carbonate,*  CONao2. — Should  be  free  from  sulphate  and  chloride. 

Fusion  Mixture*  or  White  Flux.— Consisting  of  dry  CONao2  and 
COKo2)  mixed  in  the  proportion  of  them  combining  weights,  i.e.,  106  + 138,  or 
in  the  proportion  of  10  to  13. 

Pure  carbonates  free  from  silica,  chlorides,  and  sulphates,  should  be  pro- 
cured, as  their  purification  cannot  be  effected  without  using  silver  and  platinum 

vessels.  .... 

Slack  Flux. — Prepared  by  igniting  crystals  of  Rochelle  salt  (potassic  sochc 
tartrate)  in  a platinum  crucible.  The  residue  consists  of  carbon  and  alkaline 
carbonates. 

Hydric  Amnionic  Sodic  Phosphate,*  POHoAmoNao  + 8 aq.  (Micro- 
cosmic  Salt). — The  salt  should  be  dried  and  used  in  the  form  of  a powder. 
On  being  heated  in  a loop  of  platinum  wire  it  is  converted  into  PCLNao. 

Potassic  Cyanide,*  KCy. — Exceedingly  useful  for  reducing  metallic  oxides 
and  sulphides,  either  in  the  crucible  or  on  charcoal.  For  blowpipe  reactions  a 
mixture  of  equal  parts  of  KCy  and  CONao2  (or  fusion  mixture),  is  preferable, 
because  it  sinks  readily  into  the  charcoal  and  yields  metallic  globules  of  great 
purity.  Eor  the  separation  of  Ni  and  Co  the  salt  is  dissolved,  when  required,  in 
twenty  parts  of  cold  water,  as  its  aqueous  solution  is  rapidly  decomposed. 

Potassic  Nitrate,*  NTXKo. — Used  as  an  oxidizing  agent.  The  commer- 
cial salt  should  be  purified  by  dissolving  the  crystals  in  hot  water  to  a saturated 
solution,  and  allowing  to  cool  in  a porcelain  dish  with  continuous  stirring.  The 
nitrate  falls  out  first  as  a fine  white  powder,  and  the  impurities,  e.g.,  phosphate, 
sulphate,  or  chloride,  are  left  in  the  mother-liquor. 

Potassic  Chlorate,*  — This  salt  can  readily  be  obtained  pure,  i.e., 

free  from  chloride.  Either  by  itself,  or  in  conjunction  with  hydrochloric  acid,  it 
serves  as  a powerful  oxidizing  agent. 

Borax,*  B405Nao2  + 10  aq. — The  crystals  should  be  gently  heated  in  a 
platinum  crucible  till  the  water  of  crystallisation  has  been  driven  off,  and  the 
mass  kept  powdered  and  ready  for  use  in  blowpipe  reactions. 

Hytlric  Potassic  Sulphate,  S02HoKo. — Prepared  by  heating  in  a plati- 
num dish  87  parts  of  normal  potassic  sulphate  with  49  parts  of  pure  sulphuric 
acid,  till  the  clear  mass  fuses  steadily.  Pom’  out  on  a porcelain  slab,  and  keep 
the  lumps  in  a bottle. 

Cobaltous  Nitrate,  N204Coo". — Used  in  solution  only.  Should  be  free 
from  other  metals.  Dissolve  the  commercial  salt  in  ten  parts  of  water. 

Vegetable  Colouring  Matters. — Test-papers. 

Litmus  Solution. — Its  preparation  has  been  described  in  my  Introduction  to 
Inorganic  Chemistry , p.  9. 

Turmeric  Paper. — Prepared  by  digesting  at  a gentle  heat  one  part  of  turmeric 
root  with  six  parts  of  alcohol.  Filter  and  soak  strips  of  porous  paper  with  the 
yellow  extract.  The  dried  papers  should  exhibit  a fine  yellow  tint.  Like  litmus- 
papers,  they  serve  for  the  detection  of  free  alkalies.  All  test-papers  should  be 
kept  in  well-stoppered  bottles  or  wooden  boxes. 

Indigo  Solution. — Prepared  by  gradually  stirring  four  to  six  parts  of  fuming 
sulphuric  acid  into  one  part  of  finely  divided  indigo,  and  allowing  the  mixture  to 
stand  for  48  hours,  before  pouring  it  into  20  parts  of  water.  Filter,  and  keep  for 
use  in  a dark  place.  The  solution  of  indigo  is  used  for  detecting  nitric  acid, 
chloric  acid,  and  free  chlorine,  owing  to  the  formation  of  products  of  oxidation  of 
a yellow  colour. 
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TABLE  SHOWING  THE  SOLUBILITY  OF  SALTS  IN  WATER,  AND  ACIDS. 
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Alkaline  and  alkaline  earthy  sulphides.  All  other  sulphides  are  decomposed  None. 
(CaS  and  MCgS  are  only  sparingly  by  HC1,  with  evolution  of  SH2,  or 
soluble.)  by  N02Ho,  or  aqua  regia,  with 

separation  of  sulphur.  (Comp.  p. 

112.) 
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APPENDIX  IV. 

(A.)  EXAMINATION  OF  A SIMPLE  SALT. 

Preliminary  Examination  for  Base. 


Substance  given:  white  crystalline,  readily  soluble  m water, 
reaction  of  solution  alkaline. 


Experiment. 

Observation. 

Inferenco. 

Heated  some  of  the  pow- 
dered substance  in  a dry 
test-tube. 

Have  of  water  ; fused  ; 
was  slightly  blackened ; 
gave  off  CO,  burning 
with  a blue  flame. 

Oxalate,  formate. 

Treated  residue  with  water, 
and  filtered.  Tested  with 
litmus  paper. 

The  residue  dissolved ; 
the  solution  reacted 
strongly  alkaline. 

Added  dilute  HC1. . 

Effervescence,  whilst  be- 
fore ignition  the  sub- 
stance did  not  effervesce. 

Alkaline  oxalate. 

Tested  HC1  extract  on  pla- 
tinum wire  in  a Bunsen’s 
gas  flame. 

Violet  flame 

Potassium. 

Examination  of  Solution  for  Base. 


Added  HC1. 


No  pp.  Ab- 
sence of 

Added  a solution  of  SH2  to  the  same  solution. 

Group  I. 

No  pp.  Ab- 
sence of 
Group  II. 

To  a j fresh  portion  of  the  solution  added  AmCl, 
AmHo,  and  SAm2. 

No  pp.  Ab- 
sence of 

To  the  same  solution  added  COAmo2. 

Group  III. 

No  pp.  Ab- 
sence of 

Group  IV. 

The  solution  may  con- 
tain— 

MgO,  OK2)  ONa2. 
Tested  a fresh  por- 
tion of  solution  spe- 
cially for  K by  adding 
HC1  and  PtCl4,  yel- 
low crystalline  preci- 
pitate. 

Presence  of  K. 

PRELIMINARY  EXAMINATION  FOR  ACID. 


Experiment. 

Observation. 

Inference. 

Treated  a portion  of  the 
powdered  substance  with 
concentrated  S02Ho2. 
Passed  gases  into  lime- 

CO  and  C02  given  oft’, 
with  slight  blackening 
of  substance. 

White  precipitate  in  lime- 

From  decomposition  of 

water  and  applied  a light 

water  ; gas  burnt  with 

oxalate. 

to  the  unabsorbed  gas. 

blue  flame. 

Examination  of  Solution  for  Acid. 


Acidulated  with'* 
HC1. 

Acidulated  with 
NOoHo. 

Acidulated  with  qq|j0 

No  precipitates. 

No  precipitates. 

CaCl2  a white  p.p. 

S02Cao"  „ 

„ - f COHo. 

Presence  of  j cOHo 

Found  Potassic 

Oxalate. 

(B.)  EXAMINATION  OF  A COMPOUND  SUBSTANCE. 

Preliminary  Examination  for  Bases. 


Compound  given  : a dirty  white  powder. 


Experiment. 


Observation. 


Inference. 


Heated  some  of  the  pow- 
dered substance  in  a dry 
test-tube. 


Substance  fused.  Gave 
heavy  white  fumes, 
which  condensed  in  the 


Compounds  of 
Hg,  As,  etc. 


Am, 


Heated  a portion  of  the 
substance,  mixed  with 
CONao2,  in  a bulb-tube. 

Heated  some  of  the  pow- 
dered substance  on  char- 
coal before  the  blowpipe 
flame. 


upper  part  of  the  tube. 

Gave  off  reddish-brown 
fumes  and  a gas  which 
supported  combustion. 
The  residue  was  yel- 
lowish, whilst  hot,  dirty 
white,  on  cooling. 

NH3  given  off.  Mirror 
and  metallic  globules. 

Substance  gave  off  heavy 
' fumes,  and  was  partly 
reduced  to  the  metallic 
state.  The  metal  was 
malleable ; the  incrus- 
tation yellow. 

A portion  of  the  ignited 
mass  appeared  strongly 
luminous. 


From  decomposition  of 
nitrates  of  Pb,  Bi, 
etc. 


Am  and  Hg  com- 
pounds. 

Pb. 


Alkaline  earthy  bases. 
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Examination  of  Solution  foe  Bases. 

Substance  dissolved  partly  in  water,  partly  in  HC1,  with  evolution 
of  CO,.  On  mixing  the  two  solutions,  acicular  crystals  of 
Pb012  fell  out.  Filtered  off.  Confirmed  presence  of  lead  by 
means  of  Cr02Ko2  or  S02Ho2. 


Passed  a current  of  SET,. 


A black  pp. 

Evaporated  filtrate  to  dryness,  with  a few  drops  of  N0.2Ho. 
Took  up  with  dilute  HOI.  Added  AmCl,  AmHo,  and  SAm2. 

No  pp. 

Absence  of  Group  III. 

To  the  same  solution  added  COAmo2. 

A white  pp. 

On  evaporating  filtrate  to 
dryness,  and  igniting, 
no  fixed  residue  was 
left. 

Absence  of  Mg,  K,  Na. 

Examination  of  Precipitate  produced  in  Group  II. 


Washed  precipitate  till  free  from  HC1,  and  boiled  with  SAm2. 


Residue. — Boiled  with  N02Ho.  Diluted  with  OH2,  and 
added  dilute  S02Ho2  and  methylated  spirit.  Filtered. 


Residue. — Boiled  in  ammonic  acetate, 
and  filtered. 


Residue. — Dried  and 
ignited  in  a bulb- 
tube,  with  dry 
COXaOj-  Metallic 
mirror  and  glo- 
bules. Presence 
of  Hg. 


S olution. — Added 
Cr02Ko2,  yel- 
low precipitate. 

Presence  of 
Pb. 


Solution. — SH2  ad- 
ded to  a portion 
of  solution  gave  no 
precipitate.  Ab- 
sence of  Bi,  Cu, 
Cd. 


Solution.  - — Acidu- 
lated with  dilute 
HC1.  No  yellow 
precipitate.  Ab- 
sence of  As,  Sib, 
and  Sn. 


Examination  of  Precipitate  produced  in  Group  IV. 


Dissolved  precipitate  in  a little  dilute  HOI.  Tested  a portion  of  the  solution 
with  S0.2Cao" — no  precipitate,  even  after  some  time.  Absence  of  Ba  and  Sr. 
Confirmed  presence  of  Ca  by  adding  to  another  portion  of  the  solution  AmHo 

and  QQ  lmo'  ^ precipitate.  Presence  of  Ca. 
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Preliminary  Examination  for  Acids. 


Experiment. 

Observation. 

Inference. 

Treated  with  dilute  HC1. 

Effervescence.  The  gas 
precipitated  lime-water. 

Q 

O 

>5 

Treated  with  concentrated 
S02Ho2. 

Cl  and  nitrous  fumes. 

HC1  and  N02Ho. 

Confirmed  HC1  by  heating 
substance  with  Mn02 
and  S02Ho2. 

Chlorine  evolved. 

HC1. 

Ditto  N02Ho  by  means  of 
S02Ho2  and  S02Feo". 

A brown  ring  was  formed. 

NOoHo. 

Examination  of  Solution  for  Acids. 


Prepared  solution  by  boiling  some  of  the  powder  with  a solution  of 
CONao2;  filtered,  and  acidulated  with — 


nci. 

NOJIo. 

1 

CII3 

COHo- 

Neutral  solution. 

No  precipitates. 

NOoAgo,  white  curdy 
p.p.,  soluble  in 
Amllo.  Presence 
of  11  Cl. 

No  precipitates. 

No  precipitates. 

Found — Bases  : Hg-O,  PbO,  CaO,  OAm2. 
Acids  : C02,  N02Ho,  HC1. 
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as  follows  : — 1.  Chemical  Metallurgy,  Alloys,  and  Preparations  made  and  obtained  0 
Metals.  2.  Crude  Materials  and  Products  of  Chemical  Industry.  3-  Glass,  Ceram  c 
Ware  Gypsum,  Lime,  Mortar.  4.  Vegetable  Fibres.  5.  Animal  Substances.  6.  Dye- 
ing and  Calico  Printing.  7-  Artificial  Light.  8.  Fuel  and  Heating  Apparatus. 


“ Full  and  exact  in  its  information  on 
almost  every  point.” — Engineer. 

“ This  book  will  permanently  take  its 
place  among  our  manuals .” — Nature. 


“ Mr.  Crookes  deserves  praise,  not  only 
for  the  excellence  of  his  translation,  but 
also  for  the  original  matter  he  has  added.” 
— American  Journal  of  Science  and  Aits. 


C.  D.  F.  Phillips 

MATERIA  MEDICA  AND  THERAPEUTICS:  VEGE- 
TABLE KINGDOM.  By  Charles  D.  F.  Phillips,  M.D.  8vo,  15s. 
“ It  is  the  great  distinction  of  this  book  that  an  amount  of  space  is  given  in  it  to  care- 
ful  discussion  of  the  physiological  »d  the  .hcrapculica,  a«u™  of  top  £ - <■»»  >■“ 
been  given  in  any  previous  English  text-book  of  Materia  Medica.  -Practitioner. 
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J.  Forbes  Royle  and  John  Harley 

ROYLE’S  MANUAL  OF  MATERIA  MEDICA  AND 

THERAPEUTICS,  , Sixth  Edition.  By  John  Harley,  M.D.  With 
139  Engravings.  ....  Crown  8vo,  15s. 

“This  Manual  is,  to  ourminds,  unrivalled  and  completeness  of  information.” — British 
in  any  language  for  condensation,  accuracy,  Medical  Journal. 
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J.  C.  Thorowgood 

THE  STUDENT’S  GUIDE  TO  MATERIA  MEDICA. 

Including  the  New  Additions  to  the  British  Pharmacopoeia.  By  John  C. 
Thorowgood,  M.D.  Lond.,  Lecturer  on  Materia  Medica  at  the  Middlesex 
Hospital.  With  Engravings  . . . Fcap  8vo,  6s.  6d. 

“ Students  can  hardly  hope  for  a more  serviceable  text-book.” — Practitioner. 


Adolphe  Wahltuch 

A DICTIONARY  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS. By  Adolphe  Wahltuch,  M.D.  . . . 8vo,  15s. 

* The  purpose  of  this  work  is  to  give  a tabular  arrangement  of  all  drugs  specified  in 
the  British  Pharmacopoeia  of  1867.  Every  table  is  divided  into  six  parts  : — (1)  The 
Name  and  Synonyms ; (2)  Character  and  Properties  or  Composition  ; (3)  Physiological 
Effects  and  Therapeutics;  (4)  Form  and  Doses;  (5)  Preparations;  (6)  Prescriptions. 
Other  matter  elucidatory  of  the  Pharmacopoeia  is  added  to  the  work. 

“ A very  handy  book.” — Lancet. 

R.  V.  Tuson 

COOLEY’S  CYCLOPAEDIA  OF  PRACTICAL 
RECEIPTS,  PROCESSES,  AND  COLLATERAL  INFORMATION 
IN  THE  ARTS,  MANUFACTURES,  PROFESSIONS,  AND 
TRADES  : Including  Pharmacy  and  Domestic  Economy  and  Hygiene. 
Designed  as  a Comprehensive  Supplement  to  the  Pharmacopoeias  and 
General  Book  of  Reference  for  the  Manufacturer,  Tradesman,  Amateur, 
and  Heads  of  Families.  Fifth  Edition,  Revised  and  partly  Rewritten  by 
Professor  Richard  V.  Tuson,  F.C.S.,  assisted  by  several  Scientific 
Contributors  • 8vo,  28s. 

“ A much  improved  edition.  . . . 

Long  recognised  as  a general  book  of  re- 
ference.”— Times. 

“ I he  book  is  of  considerable  value  for 
household  use,  as  well  as  professional  pur- 
poses, for  it  contains  a quantity  of  interest- 
ing information  relating  to  the  composition 


of  articles  in  common  use  as  food  and 
medicine.” — Pall  Mall  Gazette. 

“Other  of  the  articles,  as  on  ‘brewing,’ 
‘bread,’  etc.,  are  specimens  of  what  c>clo- 
psedic  writing  should  be,  being  concise  and 
thoroughly  exhaustive  of  the  practical  por- 
tion of  the  subject.” — Veterinarian. 
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W.  Southall 

THE  ORGANIC  MATERIA  MEDICA  OF  THE  BRITISH 

PHARMACOPCEIA  SYSTEMATICALLY  ARRANGED  : Together 

with  Brief  Notices  of  the  Remedies  contained  in  the  Indian  and  United 
States  Pharmacopoeias.  By  W.  Southall,  F.L.S.  . Post  8vo,  2s.  6d. 

J.  B.  Smith 

PHARMACEUTICAL  GUIDE  TO  THE  FIRST  AND 
SECOND  EXAMINATIONS.  By  John  Barker  Smith.  Second 
Edition Crown  8vo,  6s.  6d. 

FIRST  AND  SF.COND  EXAMINATIONS 

Latin  Grammar — Fractions  — Metric  System  — Materia  Medica  — Botany 
—Pharmacy— Chemistry— Prescriptions. 


J ohn  Stcggall 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS 

preparing  for  Examination  at  the  Pharmaceutical  Society.  By  John 
Steggall,  M.D.  Third  Edition  . i8mo,  3s.  6d. 


contents 


Notes  on  the  British  Pharmacopoeia,  the 
Substances  arranged  alphabetically. 
Table  of  Preparations,  containing  Opium, 
Antimony,  Mercury,  and  Arsenic. 
Classification  of  Plants. 


Thermometers. 

Specific  Gravity. 

Weights  and  Measures. 

Questions  on  Pharmaceutical  Chemistty 
and  Materia  Medica. 


Peter  Squire 

COMPANION  TO  THE  BRITISH  PHARMACOPCEIA. 

With  Practical  Hints  on  Prescribing ; including  a Tabular  Arrangement 
of  Materia  Medica  for  Students,  and  a Concise  Account  of  the  Principal 
Spas  of  Europe.  By  Peter  Squire,  Chemist  in  Ordinary  to  the  Queen 
and  the  Prince  of  Wales ; late  President  of  the  Pharmaceutical  Society. 
Tenth  Edition ^v0> IOS' 


By  the  same  Author 

PHARMACOPOEIAS  OF  THE  LONDON  HOSPITALS. 

Third  Edition FcaP  8v0’  6s> 

***  Mr.  Squire  has  collected  all  the  Formulae  used  in  twenty-two  of  the  principal 
Hospitals  of  London,  and  arranged  them  in  groups  of  mixtures,  gargles,  &c.,  &c.  'ese 
Formula;  were  revised  and  approved  by  the  medical  staff  of  each  of  the  ospi  a , * 
may  therefore  be  taken  as  an  excellent  guide  to  the  medical  practitioner,  both  as  to  dose 
and  best  menstruum  in  prescribing. 
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J.  Birkbeck  Nevins 

THE  PRESCRIBER’S  ANALYSIS  OF  THE  BRITISH 
PHARMACOPCEIA.  By  J.  Birkbeck  Nevins,  M.D.  Lond.,  Lecturer  on 
Materia  Medica  in  the  Liverpool  Royal  Infirmary  Medical  School.  Third 
Edition,  Revised  and  Enlarged  ....  Royal  32mo,  3s.  6d. 

THE  PRESCRIBER’S  PHARMACOPCEIA  : The  Medicines 
arranged  in  Classes  according  to  their  Action,  with  their  Composition 
and  Doses.  By  A Practising  Physician.  Fifth  Edition. 

[Fcap  i6mo,  cloth,  2s.  6d.;  roan,  with  flap  and  elastic  band,  3s.  6d 


Jonathan  Pereira 

SELECTA  E PR^SCRIPTIS  : Containing  Lists  of  the  Terms, 

Phrases,  Contractions,  and  Abbreviations  used  in  Prescriptions,  with  Ex- 
planatory Notes;  the  Grammatical  Construction  of  Prescriptions;  Rules 
for  the  Pronunciation  of  Pharmaceutical  Terms  ; a Prosodiacal  Vocabuiary 
of  the  Names  of  Drugs,  &c. ; and  a Series  of  Abbreviated  Prescriptions 
illustrating  the  use  of  the  preceding  terms.  To  which  is  added  a Key,  con- 
taining the  Prescriptions  in  an  Unabbreviated  Form,  with  a Literal  Trans- 
lation for  the  Use  of  Medical  and  Pharmaceutical  Students.  By  Jonathan 
Pereira,  M.D.,  F.R.S.  Sixteenth  Edition  ....  32mo,  5s. 


Henry  Beasley 

THE  POCKET  FORMULARY  AND  SYNOPSIS 
OF  THE  BRITISH  AND  FOREIGN  PHARMACOPOEIAS  : Compris- 
ing Standard  and  approved  Formulae  for  the  Preparations  and  Compounds 
employed  in  Medical  Practice.  By  Henry  Beasley.  Ninth  Edition. 

[i8mo,  6s. 


By  the  same  Author 

THE  DRUGGIST’S  GENERAL  RECEIPT-BOOK: 


Comprising  a Copious  Veterinary  Formulary  and  Table  of  Veterinary 
Materia  Medica;  Patent  and  Proprietary  Medicines,  Druggists’  Nostrums, 
&c. ; Perfumery,  Skin  Cosmetics,  Hair  Cosmetics,  and  Teeth  Cosmetics  ; 
Beverages,  Dietetic  Articles  and  Condiments ; Trade  Chemicals,  Mis- 
cellaneous Preparations  and  Compounds  used  in  the  Arts,  &c. ; with  useful 
Memoranda  and  Tables.  Seventh  Edition  ....  l8mo,  6s. 


Also 

THE  BOOK  OF  PRESCRIPTIONS  : Containing  3,000  Pre- 
scriptions collected  from  the  Practice  of  the  most  eminent  Physicians  and 
Surgeons,  English  and  Foreign.  Fifth  Edition  . . Nearly  ready. 

“Mr.  Beasley's  ‘Pocket  Formulary,’  reference  admirably  suited  for  the  dispens- 
1 Druggist’s  Receipt-Book,’  and  ‘ Book  of  ingdesk.” — Chemist  and  Druggist. 
Prescriptions’  form  a compact  library  of 
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Alfreds.  Taylor 

POISONS  IN  RELATION  TO  MEDICAL  JURIS- 
PRUDENCE AND  MEDICINE.  By  Alfred  S.  Taylor,  M.D.,  F.R.S., 
Professor  of  Medical  Jurisprudence  to  Guy’s  Hospital.  Third  Edition,  with 
104  Engravings  ........  Crown  Svo,  16s. 

F.  H.  Lescher 

AN  INTRODUCTION  to  the  ELEMENTS  of  PHARMACY. 

By  F.  Harwood  Lescher.  Fifth  Edition  . . Svo.  In  the  Press. 

Sec.  I.  Materia  Medica  ; II.  Botany  ; III.  Chemistry  ; IV.  Pharmacy  ; 
V.  Prescriptions  ; VI.  Practical  Dispensing. 

P.  S.  Proctor 

LECTURES  ON  PRACTICAL  PHARMACY. 

By  Barnard  S.  Proctor,  Lecturer  on  Pharmacy  at  the  College  of  Medi- 
cine, Newcastle-on-Tyne.  With  43  Engravings  . . Svo,  12s. 

contents 

Drying— Comminution— Solution— Crystallisation— Precipitation — Diffusion  in  Liquids, 
Dialysis,  Osmosis,  &c. — Evaporation,  Boiling.  Fusion,  and  Calcination — Distillation  and 
Sublimation — Filtration  and  Percolation  — Official  Pharmacy — Official  Liquors  or  Solu- 
tions - Official  Infusions  and  Decoctions — Extracts — Spirits,  Tinctures,  Wines,  Vinegars, 
Liniments— Official  Products  of  Distillation  and  Sublimation — Official  Products  of  Fusion 
— Official  Saline  Preparations,  &c. , Crystallised,  Precipitated,  Scaled,  or  Granulated — 
Complex  Processes — Dispensing— Reading  Autograph  Prescriptions — Pills — Powders, 
Ointments,  Plasters,  Suppositories,  &c.  — Qualitative  Tests  of  the  Pharmacopoeia — Quan- 
titative Testing  of  the  Pharmacopoeia — Pharmacy  of  Special  Drugs. 

“A  good  specimen  of  a treatise  on  Chemistry  as  applied  to  a special  art.” — Chemical 
Hews. 

0 

William  Stowe 

A TOXICOLOGICAL  CHART,  Exhibiting  at  one  view  the 

Symptoms,  Treatment,  and  Mode  of  Detecting  the  Various  Poisons, 
Mineral,  Vegetable,  and  Animal.  To  which  are  added  concise  Directions 
for  the  Treatment  of  Suspended  Animation.  By  William  Stowe, 
M.R.C.S.E.  Thirteenth  Edition  . . . . Sheet,  2s. ; Roller,  5s. 

o 

G.  C.  Wittstein 

PRACTICAL  PHARMACEUTICAL  CHEMISTRY:  An 

Explanation  of  Chemical  and  Pharmaceutical  Processes  ; with  the  Methods 
of  Testing  the  Purity  of  the  Preparations,  deduced  from  Original  Experi- 
ments. By  Dr.  G.  C.  WITTSTEIN.  Translated  from  the  Second  German 

Edition  by  Stephen  Darby i8mo,  6s. 

“ It  would  be  impossible  too  strongly  to  recommend  this  work  to  the  beginner,  for  the 
completeness  of  its  explanations,  by  following  which  he  will  become  well  giounded 
in  practical  chemistry.” — From  the  Introduction  by  Dr.  Buchner. 
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THE  PHARMACEUTICAL  JOURNAL  AND  TRANSAC- 

TIONS. Published  weekly Price  4d. 

THE  YEAR-BOOK  OF  PHARMACY:  Containing  the 
Proceedings  at  the  Yearly  Meeting  of  the  British  Pharmaceutical  Con- 
ference, and  a Report  on  the  Progress  of  Pharmacy,  which  includes  notices 
of  all  Pharmaceutical  Papers,  new  Processes,  Preparations,  and  Formulae 
published  throughout  the  world.  Published  annually  in  December. 

[8vo,  1870,  ’71,  ’72,  7s.  6d.  each  ; 1873,  ’74,  ’75,  10s.  each. 

R.  V.  Tuson 

A PHARMACOPOEIA,  INCLUDING  THE  OUTLINES  OF 
MATERIA  MEDICA  AND  THERAPEUTICS,  for  the  Use  of  Prac- 
titioners and  Students  of  Veterinary  Medicine.  By  Richard  V.  Tuson, 
F.C.S.,  Professor  of  Chemistry  and  Materia  Medica  at  the  Royal 
Veterinary  College.  Second  Edition  .....  js.  6d. 

“ Not  only  practitioners  and  students  of  want  in  veterinary  literature. "—Chemist 

veterinary  medicine,  but  chemists  and  and  Druggist . 

druggists  will  find  that  this  book  supplies  a 

0 

Robert  Bentley 

A MANUAL  OF  BOTANY : Including  the  Structure,  Func- 
tions, Classifications,  Properties,  and  uses  of  Plants.  By  Robert 
Bentley,  F.L.S.,  Professor  of  Botany,  King’s  College,  and  to  the  Pharma- 
ceutical Society.  Third  Edition,  with  1,138  Engravings.  Crown  8vo,  14s. 

“As  the  standard  manual  of  botany  its  position  is  undisputed.’’ — Chemist  and 

Druggist. 

0 

Robert  Bentley  and  Henry  Trimen 

MEDICINAL  PLANTS : being  Descriptions  with  Original 
Figures  of  the  Principal  Plants  employed  in  Medicine,  and  an  Account 
of  their  Properties  and  Uses.  By  Robert  Bentley,  F.L.S.,  Professor 
of  Botany  in  King’s  College,  and  to  the  Pharmaceutical  Society ; and 
Henry  Trimen,  M.B.,  F.L.S.,  Lecturer  on  Botany  in  St.  Mary’s 
Hospital  Medical  School.  In  about  [36  Monthly  Parts,  each  containing 
8 Coloured  Plates.  Parts  I.  to  V.  issued  since  October,  5s.  each. 

*#*  A Prospectus  and  Specimen  Plate  will  be  sent  on  application. 

0 

F.  Kohlrausch 

AN  INTRODUCTION  TO  PHYSICAL  MEASUREMENTS, 

With  Appendices  on  Absolute  Electrical  Measurement,  etc.  By  Dr.  F. 
Kohlrausch.  Translated  from  the  Second  German  Edition  by  T.  H. 
Waller,  B.A.,  B.  Sc.,  and  H.  R.  Procter,  F.C.S.  With  Engravings. 

[8vo,  12s. 
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IV.  B.  Carpenter 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  By 

W.  B.  Carpenter,  M.D.,  F.R.S.  Fifth  Edition,  with  more  than  500 
Engravings Crown  8vo,  15s. 

**  The  author  has  aimed  to  combine  within  a moderate  compass  that  information  in 
regard  to  the  use  of  his  instrument  and  its  appliances,  which  is  most  essential  to  the 
working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for  his  study  as  may 
qualify  him  to  comprehend  what  he  observes,  and  thus  prepare  him  to  benefit  science, 
whilst  expanding  and  refreshing  his  own  mind. 

0 

J.  H.  Martin 

A MANUAL  OF  MICROSCOPIC  MOUNTING;  with  Notes 

on  the  Collection  and  Examination  of  Objects.  By  John  H.  Martin, 
author  of  “ Microscopic  Objects.”  With  upwards  of  100  Engravings. 

[8vo,  7s.  6d. 

***  The  aim  of  this  work  is  to  supply  the  student  with  a concise  manual  of  the  prin- 
ciples of  microscopic  mounting,  and  to  assist  his  progress  in  the  manual  dexterity,  as  far 
as  illustrations  and  words  render  it  possible,  necessary  in  their  application. 

THE  QUARTERLY  JOURNAL  OF  MICROSCOPICAL 

SCIENCE.  (Established  in  1852.)  Edited  by  Dr.  J.  F.  Payne,  Assistant- 
Physician  at  St.  Thomas’s  Hospital ; E.  Ray  Lankester,  Professor  of 
Zoology  and  Comparative  Anatomy  in  University  College,  London  ; and 
W.  Archer,  F.R.S. 

Annual  Subscription,  20s. ; Single  Numbers,  5s. 

***  The  Memoirs  are,  when  needful,  illustrated  by  Woodcuts,  and  Lithographic  Plates, 
many  of  which  are  Coloured.  The  Journal  contains,  in  addition,  Notes  and  Memoranda, 
Reviews  of  Books,  Quarterly  Chronicle,  and  Proceedings  of  Societies. 


J.  Fayrer 

THE  THANATOPHIDIA  OF  INDIA;  being  a Description 

of  the  Venomous  Snakes  of  the  Indian  Peninsula.  With  an  Account  of 
the  Influence  of  their  Poison  on  Life,  and  a Series  of  Experiments.  By 
Sir  J.  Fayrer,  M.D.,  K.S.I.,  Honorary  Physician  to  the  Queen  ; late  Presi- 
dent of  the  Asiatic  Society  of  Bengal.  Second  Edition,  with  31  Plates 
(28  Coloured) Folio,  7/.  7s. 

By  the  same  Author 

THE  ROYAL  TIGER  OF  BENGAL:  His  Life  and  Death. 
With  Map  and  Engravings Crown  8vo,  5s. 
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A.  Chauveau  and  G.  Fleming 

CHAUVEAU’S  COMPARATIVE  ANATOMY  OF  THE 

DOMESTICATED  ANIMALS.  Translated  from  the  Second  French 
Edition,  and  Edited  by  George  Fleming,  F.R.G.S.,  Veterinary  Surgeon, 
Royal  Engineers  ; Author  of  “Travels  on  Horseback  in  Mantchu  Tartary,” 
“Horse-shoes  and  Horse-shoeing,”  “Animal  Plagues,”  etc.  With  450 
Engravings  ....  . Svo,  £1  us.  6d. 

“ Mr.  Fleming  has  earned  the  gratitude  of  the  whole  of  his  profession  by  presenting  to 
the  veterinary  surgeon  and  student,  in  an  English  dress,  one  of  the  best  and  most  com- 
prehensive of  Continental  text-books,  enriched  with  additions  which  prove  him  to  have 
been  a conscientious  student  of  the  best  writers  on  the  Comparative  Anatomy  of  the 
Mammalia.  . . We  have  nothing  but  praise  to  bestow  on  the  manner  in  which 

Mr.  Fleming  has  performed  his  work.” — Medico-Chirurgical  Review. 

I 

T.  H.  Huxley 

A MANUAL  OF  THE  ANATOMY  OF  VERTEBRATED 

ANIMALS.  By  Prof.  HUXLEY,  LL.D.,  F.R.S.  With  numerous  Engrav- 
ings  [Fcap  8vo,  12s. 

By  the  same  Author 

INTRODUCTION  to  the  CLASSIFICATION  of  ANIMALS. 

With  Engravings 8vo,  6s. 


S.  Messenger  Bradley 

MANUAL  OF  COMPARATIVE  ANATOMY  AND 
PHYSIOLOGY.  By  S.  Messenger  Bradley,  F.R.C.S.,  Senior  Assistant 
Surgeon  to  the  Manchester  Royal  Infirmary.  Third  Edition,  with  61 
Engravings Post  8vo,  6s.  6d. 


W.  M.  Ord 


NOTES  ON  COMPARATIVE  ANATOMY:  a Syllabus  of 
a Course  of  Lectures  delivered  at  St.  Thomas’s  Hospital.  By  William 
Miller  Ord,  M.B.  Lond.,  M.R.C.P.,  Assistant-Physician  to  the  Hospital, 
and  Lecturer  in  its  Medical  School Crown  8vo,  5s. 


“ Compact,  lucid,  and  well  arranged. 
These  Notes  will,  if  well  used,  be  valuable 
to  learners,  perhaps  still  more  so  to ' 
teachers.  ” — Nature. 


“We  have  gone  through  it  carefully,  and 
we  are  thoroughly  satisfied  with  the  manner 
in  which  the  author  has  discharged  his  task.” 
— Pop.  Science  Review. 


IV.  Whalley 

THE  HUMAN  EYE,  WITH  REMARKS  ON  THE  EYES 
OF  INFERIOR  ANIMALS  : A Popular  Description.  By  W.  Whalley, 
M.R.C.S.  With  40  Engravings  . , . Fcap  8vo,  3s. 
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J ohn  Shea 

A MANUAL  OF  ANIMAL  PHYSIOLOGY.  With  Appendix 

of  Examination  Questions.  By  John  Shea,  M.D.,  B.A.  Lond.  With 
numerous  Engravings Fcap  8vo,  5s.  6d. 

o 

VESTIGES  of  the  NATURAL  HISTORY  OF  CREATION. 

With  100  Engravings.  Eleventh  Edition  . . Post  8vo,  7s.  6d. 

J.  Rcay  Greene 

TABLES  OF  ZOOLOGY : indicating  the  Tribes,  Sub-Orders, 

Orders,  and  Higher  Groups  of  the  Animal  Kingdom,  for  Students, 
Lecturers,  and  others.  By  J.  Reay  Greene,  M.D.,  Professor  of  Natural 
History  in  the  Queen’s  University  in  Ireland.  Three  large  sheets,  5s. 
the  set;  or,  mounted  on  canvas,  with  roller  and  varnished  . . 12s.  6d. 

***  These  Tables  have  been  carefully  prepared  in  accordance  with  the  present  state  of 
science,  and  with  a view  to  remove  the  difficulties  which  arise  from  the  various  opinions 
held  by  different  zoologists. 

Andrew  Wilson 

THE  STUDENT’S  GUIDE  TO  ZOOLOGY: 

A Manual  of  the  Principles  of  Zoological  Science.  By  Andrew  Wilson, 
Author  of  u Elements  of  Zoology,”  and  Lecturer  on  Zoology,  Edinburgh. 

With  Engravings Fcap  8vo,  6s. 

“ It  is  alike  lucid  and  well  arranged.” — Med.  Times  and  Gaz. 

“ Really  a good  book,  well  and  clearly  written." — Edin.  Med.  Jour. 

“ A trustworthy  guide.” — Lancet. 

“The  illustrations  are  clear,  and  the  whole  work  is  elegant  and  compact.” — Med. 
Chir.  Rev. 

-0— — 

R.  Dunglison 

MEDICAL  LEXICON:  A DICTIONARY  OF  MEDICAL 

SCIENCE.  Containing  a Concise  Explanation  of  the  various  Subjects 
and  Terms  of  Anatomy,  Physiology,  Pathology,  Hygiene,  Therapeutics, 
Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical  Jurisprudence,  and 
Dentistry,  Notices  of  Climate  and  of  Mineral  Waters,  Formulae  for  Officinal, 
Empirical,  and  Dietetic  Preparations  ; with  the  Accentuation  and  Etymo- 
logy of  the  Terms,  and  the  French  and  other  Synonyms.  By  Robley 
Dunglison,  M.D.  New  Edition,  by  Richard  J.  Dunglison,  M.D. 

[Royal  8vo  (1,130  pp.),  28s. 

* * The  object  of  the  author  from  the  outset  has  been  to  make  the  work  an  epitome 
of  the  existing  condition  of  medical  science.  Starting  with  1 his  view,  the  great  demand 
which  has  existed  for  the  work  has  enabled  him,  in  repeated  revisions,  to  augment  its 
completeness  and  usefulness,  until  at  length  it  has  attained  the  position  of  a lecognised 
and  standard  authority. 
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P.  G.  Mayne  and  J.  Mayne 

MEDICAL  VOCABULARY  : being  an  Explanation  of  all 

Names  and  Phrases  used  in  the  various  departments  of  Medical  Science 
and  Practice,  giving  their  Derivation,  Meaning,  Application,  and  Pro- 
nunciation. Fourth  Edition  . . . Fcap  8vo,  ios. 


“We  have  referred  to  this  work  hundreds 
of  times,  and  have  always  obtained  the  in- 
formation we  required  . . . Chemical, 


Botanical,  and  Pharmaceutical  Terms  are 
to  be  found  on  almost  every  page.” — 
Chemist  and  Druggist. 


G.  Dawson } 

A MANUAL  OF  PHOTOGRAPHY.  By  George 

Dawson,  M.A.,  Ph.D.,  Lecturer  on  Photography  in  King’s  College,  London. 


Eighth  Edition,  with  Engravings 
“ The  new  edition  of  this  excellent 
manual,  which  is  founded  on  and  incorpo- 
rates as  much  of  Hardwich’s  ‘ Photographic 
Chemistry  ’ as  is  valuable  in  the  present 
further  advanced  stage  of  the  art,  retains 
its  position  as  the  best  work  on  the  subject 
for  amateurs,  as  well  as  professionals.  The 


Fcap  8vo,  5 s.  6d. 
many  new  methods  and  materials  which 
are  so  frequently  being  introduced,  make  it 
essential  that  any  book  professing  to  keep 
up  to  the  times  must  be  frequently  revised, 
and  Dr.  Dawson  has  in  this  work  presented 
the  subject  in  its  most  advanced  position.” 
— Nature,  May  29,  1873. 


0 

Lake  Price 


A MANUAL  OF  PHOTOGRAPHIC  MANIPULATION. 


By  Lake  Price.  Second  Edition,  with  numerous  Engravings. 

[Crown  8vo,  6s.  6d. 

***  Amongst  the  Contents  are  the  Practical  Treatment  of  Portraits — Groups  in  the 
Studio— Landscapes — Groups  in  Open  Air — Instantaneous  Pictures — Animals — Architec- 
ture— Marine  Subjects — Still  Life — Copying  of  Pictures,  Prints,  Drawings,  Manuscripts, 
Interiors — -Stereoscopy  in  Micro  photography,  &c.,  and  Notices  of  the  last  Inventions 
and  Improvements  in  Lenses,  Apparatus,  &c.  » 

In  these  days,  when  nearly  every  intel 


ligent  person  can,  after  a few  weeks,  master 
the  manipulatory  details  of  our  art-science, 
attention  to  the  artistic  treatment  of  sub- 
jects is  a matter  for  the  serious  considera- 
tion of  the  Photographer ; and  to  those  who 


desire  to  enter  on  this  path,  Mr.  Lake 
Price,  in  the  volume  before  us,  proves 
himself  to  be  ‘a  guide,  philosopher,  and 
friend.’  ” — The  British  Journal  of  Photo - 
graphy. 


C.  Brooke 


THE  ELEMENTS  OF  NATURAL  PHILOSOPHY.  By 

Charles  Brooke,  M.B.,  M.A.,  F.R.S.  Based  on  the  Work  of  the  late 
Dr.  Golding  Bird.  Sixth  Edition,  with  700  Engravings. 

[Fcap.  8vo.  12s.  6d. 


NOTES  ON 


G.  F.  Rodwell 

NATURAL 


PHILOSOPHY: 


Lectures  delivered  at  Guy’s  Hospital,  by  G.  F.  Rodwell,  F.R.A.S. 
Science  Master  in  Marlborough  College.  With  48  Engravings. 


“As  an  introductory  text-book  for  this 
Examination  [the  Preliminary  Scientific 
(M.B.)  of  the  University  of  London],  it  is 
quite  the  best  one  we  have  seen  . . The 

‘ Notes’ chiefly  consist  of  lucid  and  con- 
cise definitions,  and  everywhere  bristle  with 


[Fcap  8vo,  5s. 

the  derivations  of  scientific  terms.” 

Nature. 

“A  well-arranged  and  carefully-written 
condensation  of  the  leading  facts  and  prin- 
ciples of  the  chief  elements  of  Natural 
Philosophy.” — Chemical  Nws. 
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Messrs  Churchill’s  Scientific  Works 


The  following  Catalogues  issued  by  Messrs  Churchill 
will  be  forwarded  post  free  on  application: 

1.  Messrs  Churchill's  General  List  of  nearly  600  works  on 

Medicine , Surgery,  Midwifery,  Materia  Medica,  Hygiene, 
Anatomy,  Physiology,  Chemistry,  &c.,  &c.,  with  a complete 
Index  to  their  Titles  for  easy  refer  nice.  N.B.  This  List 
includes  Nos.  2 and  3. 

2.  Selection  from  Messrs  Churchills  General  List,  comprising 

all  recent  works  published  by  them  on  the  Art  and  Science 
of  Medicine. 

3.  A Selected  and  Descriptive  List  of  Messrs  Churchill's  works 

on  Chemistry,  Materia  Medica,  Pharmacy,  Botany,  Photo- 
graphy, The  Microscope,  and  other  branches  of  Science. 

4.  Messrs  Churchill's  Red-Letter  List,  giving  the  Titles  of 

forthcoming  New  Works  and  New  Editions. 

[Published  every  October.] 

5.  The  Medical  Intelligencer,  an  Annual  List  of  New  Works 

and  New  Editions  published  by  Messrs  J.  & A.  Churchill, 
together  with  Particulars  of  the  Periodicals  issued  from 
their  House. 

rsent  at  the  commencement  of  each  year  to  every  Medical  Practitioner  in 
the  United  Kingdom  whose  name  and  address  can  be  ascertained.  A 
large  number  are  also  forwarded  to  the  United  States  of  America, 
Continental  Europe,  India,  and  the  Colonies.] 


MESSRS  CHURCHILL  have  a special  arrangement  with  Messrs 
LINDSAY  & BLAKISTON,  of  Philadelphia,  in  accordance  with 
which  that  Firm  acts  as  their  Agents  for  the  United  States  of  Amenca 
either  keeping  in  Stock  most  of  Messrs  Churchill’s  Books  or  reprinting 
them.1  Terms  advantageous  to  Authors.  Many  of  the  Works  in  this 
Catalogue  may  therefore  be  easily  obtained  in  America. 


M'Crwan  & Co.,  Printers,  Great  Windmill  Street,  Havmarket. 
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